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This  volume  accompanies  the  Main  Report  and  Supplemental  Environmental 
Impact  Statement  for  the  Phase  II  General  Design  Memorandum  for  the 
Santa  Ana  River  Mainstem  including  Santiago  Creek  and  contains  the 
general  design  for  the  Seven  Oaks  Dam  and  the  preliminary  floodplain  and 
floodway  delineation  between  Seven  Oaks  Dam  and  Prado  Reservoir.  The 
project  economic  data  is  presented  in  Volume  9,  "Economics  and  Public 
Comment  and  Response." 

Seven  Oaks  Dam,  located  8  miles  northeast  of  the  city  of  Redlands  in 
San  Bernardino  County,  will  be  an  earth  and  rock  fill  structure  with  a 
height  of  550  feet  above  the  existing  streambed,  crest  width  of  40  feet, 
crest  length  of  2,980  feet  and  crest  elevation  at  2,610  feet  NGVD.  The 
upstream  and  downstream  slopes  will  be  1  vertical  on  2  horizontal.  The 
dam  will  have  a  storage  capacity  of  145,600  acre-feet  at  the  spillway 
crest  elevation  of  2,580  feet  NGVD.  X- 

A  detached  spillway  will  be  located  about  1,700  feet  east  of  the  dam. 

It  will  have  a  trapezoidal  oros3-section  with  a  base  width  of  500  feet 
and  sideslopes  averaging  1  vertical  on  1  horizontal.  The  spillway  will 
be  about  1,400  feet  long  and  unlined  except  for  a  concrete  control  sill 
at  the  crest,  approximately  1,000  feet  from  the  downstream  end. 

The  outlet  work3  tunnel  will  be  located  within  the  east  abutment.  The 
tunnel,  excavated  in  rock  and  lined  with  reinforced  concrete,  will  be 
approximately  1,750  feet  long.  Total  first  cost  of  the  project  is 
estimated  at  $316,283,000. 
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Seven  Oaks  Das,  Pertinent  Data 


Item 

Unit 

Drainage  area . 

mi2 

177 

Dam 

Crest  elevation . . . 

Streambed  elevation  at  dam  centerline.... 

Maximum  height  above  streambed . 

Crest  length . . . . 

Freeboard . 

ft,  NGVD 

ft,  NGVD 

ft 

ft 

ft 

2,610 

2,060 

550 

2,980 

5.6 

Spillway 

Crest  elevation . . . 

Crest  length . 

Elevation  of  maximum  water  surface . 

ft,  NGVD 
ft 

ft,  NGVD 

2,580 

500 

2,604.4 

Outlet  works  (gated  conduit)  (1) 

Diameter  of  conduit  (horseshoe  section).... 

Diameter  of  penstock . 

Length  of  conduit . 

High  level  intake  elevation . 

Diversion  intake  elevation . 

ft 

ft 

ft 

ft,  NGVD 
ft,  NGVD 

18 

11 

1,623 
2,265 
2, 100 

Reservoir 

Area  at  spillway  crest . 

Gross  capacity  (at  spillway  crest) . 

acre 

acre- ft 

780 

145,600 

Storage  allocation  below  spillway  crest 

Flood  control . 

Sedimentation  (100-year  storage) . 

acre- ft 
acre-ft 

113,600 

32,000 

Reservoir  Design  Flood  (general  storm) 

Total  volume  (4-day) . 

Peak  inflow . 

Peak  outflow . 

acre-ft 

ft^/sec 

ftVsec 

115,000 

85,000 

7,000 

Probable  Maximum  Flood  (general  storm) 

Total  volume . 

Peak  inflow . 

Peak  outflow . 

acre-ft 

ft^/sec 

ft^/sec 

356,000 

180,000 

174,000 

_ NGVD  denotes  National  Geodetic  Vertical  Datum  of  1929. _ 

The  outlet  works  downstream  control  alternative  data  is  tabulated. 


See  Appendix  B  for  further  details  on  other  control  alternatives. 
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I.  INTRODUCTION 


Authorization 

1-01  Authorization  of  project  construction  is  contained  in  the  Water 
Resources  Development  Act  of  1986,  99th  Congress  2nd  Session,  P.L. 
99-662.  The  project  for  flood  control  is  contained  in  the  report  of  the 
Chief  of  Engineers  for  the  Santa  Ana  River  Mainstem,  including  Santiago 
Creek,  California,  dated  January  15,  1982,  except  that,  in  lieu  of  the 
Mentone  Dam  feature  of  the  project,  the  Secretary  is  authorized  to  plan, 
design,  and  construct  a  flood  control  storage  dam  on  the  upper  Santa  Ana 
River.  The  full  authorization  language  is  presented  in  the  Main  Report. 


Scope  and  Purpose  of  Report 

1-02  This  volume  of  the  Phase  II  General  Design  Memorandum  (GDM) 
describes  the  latest  existing  physical  and  environmental  conditions  in 
the  project  area  and  provides  definite  design  for  Seven  Oaks  Dam.  The 
design  presented  here  will  be  refined  in  future  Feature  Design  Memoranda 
(FDM) .  This  Phase  II  GDM  provides  the  basis  for  determining  the  project 
rights-of-way  and  easements,  updating  the  project  costs,  assessing  the 
environmental  effects,  and  preparing  subsequent  FDMs. 


Local  Cooperation 

1-03  The  division  of  Federal  and  non-Federal  responsibilities  for  local 
cooperation  are  outlined  in  the  Main  Report. 


II.  PROJECT  PLAN 


General 

2-01  The  Santa  Ana  River  Basin  drains  approximately  2,450  square  miles 
(mi2),  excluding  an  area  of  32  mi2  tributary  to  Baldwin  Lake  and  10  mi2 
tributary  to  Perris  Reservoir.  Of  the  total  basin,  2,255  mi2  of  the 
drainage  area  is  upstream  from  Prado  Dam,  which  is  the  major  flood 
control  structure  on  the  Santa  Ana  River.  Approximately  23  percent  of 
the  basin  is  within  the  San  Gabriel  and  San  Bernardino  Mountains;  about 
9  percent  is  in  the  San  Jacinto  Mountains;  and  5  percent  is  within  the 
Santa  Ana  Mountains.  Most  of  the  remaining  area  is  in  the  valleys 
formed  by  the  broad  alluvial  fan  along  the  base  of  these  mountains  (pi. 
1 ) .  Maximum  elevation  at  San  Antonio  Peak  in  the  San  Gabriel  Mountains 
is  10,080  feet  above  the  National  Geodetic  Vertical  Datum  of  1929 
(NGVD) ;  at  San  Gorgonio  Peak  in  the  San  Bernardino  Mountains,  11,502 
feet  (NGVD);  and  at  Mount  San  Jacinto  in  the  San  Jacinto  Mountains, 
10,804  feet  (NGVD).  The  San  Bernardino  Mountains  are  the  source  of  the 
Santa  Ana  River  and  of  two  of  its  principal  tributaries,  Bear  and  Mill 
Creeks.  The  Santa  Ana  River  has  an  average  gradient  of  about  240  feet 
per  mile  (ft/mi)  in  the  mountains. 


Description  of  the  Project  Area 

2-02  The  upper  Santa  Ana  River  drainage  area  for  Seven  Oaks  Dam  is 
177  mi2,  excluding  the  32  mi2  tributary  to  Baldwin  Lake,  and  has  its 
headwaters  in  the  San  Bernardino  Mountains.  Elevations  vary  from  10,664 
feet  NGVD  at  Anderson  Peak  and  11,502  feet  NGVD  at  San  Gorgonio  Peak  to 
2,060  feet  NGVD  at  the  damsite,  which  is  approximately  1  mile  upstream 
from  the  canyon  mouth.  Generally  trending  southwesterly,  the  27  miles 
of  river  upstream  from  the  site  have  an  average  gradient  of  300  ft/mi. 
However,  small  tributaries  originating  in  the  high  mountains  have 
gradients  that  exceed  1,900  ft/oi.  Bear  Creek,  the  principal  tributary 
within  the  canyon  area,  drains  55  mi2  and  has  an  average  gradient  of 
approximately  460  ft/mi. 
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2-03  Urban  development  exists  downstream  from  the  canyon  mouth,  with 
the  cities  of  Mentone  and  Redlands,  less  than  8  miles  away.  Development 
within  the  canyon  is  limited  to  a  hydropower  system  constructed  at  the 
turn  of  the  century  and  owned  by  the  Southern  California  Edison  Company, 
and  to  irrigation  and  water  facilities  primarily  operated  by  the  San 
Bernardino  Valley  Municipal  Water  District.  There  are  a  few  scattered 
residential  developments  in  the  upper  canyon  area. 


Existing  Flood  Control  Facilities 

2-04  The  only  existing  facility  which  could  affect  floodflows  in  the 
Upper  Santa  Ana  River  Canyon  is  Big  Bear  Lake  Dam,  a  recreation  and 
water  supply  reservoir,  located  upstream  from  the  recommended  damsite. 
The  lake,  owned  by  Big  Bear  Municipal  Water  District,  controls  38  mi2 
and  has  a  surcharge  storage  of  about  8,600  acre-feet  at  the  top  of 
dam.  There  are  numerous  diversion  structures  and  other  water  supply  and 
hydropower  related  facilities  in  the  canyon.  Downstream  from  the  canyon 
mouth  on  the  alluvial  fan,  there  are  various  dikes  and  water  spreading 
basins  constructed  for  water  conservation  and  groundwater  recharge 
purposes  by  the  San  Bernardino  Water  Conservation  District. 


The  Flood  Problem 

2-05  The  Santa  Ana  River  is  currently  uncontrolled  for  much  of  its 
length  in  San  Bernardino  and  Riverside  Counties  down  to  Prado  Dam. 

Prado  Dam  is  the  only  flood  control  reservoir  along  the  65-mile  length 
of  the  Santa  Ana  River.  The  area  upstream  from  Prado  Dam  is  threatened 
by  major  storms.  In  Riverside  County,  the  1969  floods  seriously  damaged 
two  sewage  treatment  plants,  ruptured  numerous  sewage  lines,  washed  out 
several  bridges  and  bridge  approaches,  flooded  large  areas  of  agricultural 
land,  and  caused  heavy  bank  erosion  along  most  of  the  river.  In  San 
Bernardino  County,  there  was  widespread  overflow  of  much  of  the  100-year 
floodplain,  erosion  of  levees,  and  damage  to  county  roads  and  utilities. 
One  county  bridge  was  washed  off  its  supports.  Damages  were  also 
significant  on  several  major  tributaries  to  the  Santa  Ana  River.  Floods 
on  Temescal  Wash  and  San  Timoteo  Creek  covered  residential,  commercial, 
and  agricultural  property  with  several  feet  of  mud  and  sand. 

2-06  Construction  of  Prado  Dam  was  completed  in  May  1941.  Based  on 
current  hydrologic  criteria,  Prado  Dam  provides  only  about  70-year  flood 
protection  to  downstream  communities.  The  Standard  Project  Flood  (SPF) 
would  inundate  over  160  mi2  of  highly  urbanized  land  in  Orange  County. 
Parts  of  the  downstream  channel  near  Fountain  Valley  and  Huntington 
Beach  can  contain  less  than  a  50-year  flood. 

2-07  The  seriousness  of  the  problem  was  illustrated  during  the  storms 
of  1980.  Following  10  days  of  almost  continuous  rainfall  resulting  from 
a  series  of  six  storms,  the  water  level  in  Prado  Reservoir  reached 
elevation  528  feet  NOVD,  the  highest  on  record.  Flood  releases  from 
Prado  Dam  were  increased  to  20  percent  of  the  downstream  channel  rated 
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capacity.  Although  the  channel  should  have  contained  these  flows 
safely,  the  channel  invert  eroded  badly,  and  many  of  the  channel  side 
slopes  failed  along  a  4-mile  reach  in  the  City  of  Santa  Ana.  Emergency 
flood-fighting  efforts  prevented  major  levee  breaks,  but  outflows  from 
Prado  Dam  had  to  be  reduced  to  accomplish  emergency  efforts.  This 
reduction  left  the  reservoir  60  percent  full  and  vulnerable  to 
additional  storms  that  fortunately  did  not  materialize.  This  experience 
demonstrated  the  weaknesses  in  the  existing  system: 

a.  Prado  Dam  could  not  provide  acceptable  levels  of  protection  to 
highly  urbanized  downstream  areas. 

b.  Downstream  earth-bottom  channels  were  not  capable  of  carrying 
the  flows  over  a  sustained  period  of  time. 

2-08  The  flood  problem  on  the  Santa  Ana  River  Mainstem  is  a  basin-wide 
problem.  It  is  necessary  to  protect  heavily  developed  communities 
downstream  from  Prado  Dam  and  to  provide  protection  for  the  rapidly 
growing  upstream  communities.  Studies  have  also  concluded  that  the  only 
acceptable  flood  control  improvement  plan  to  protect  against  the  largest 
flooding  considered  reasonable  to  the  area  would  involve: 

a.  Enlarging  the  existing  channel  downstream  from  Prado  Dam. 

b.  Enlarging  Prado  Reservoir,  but  only  to  the  extent  that  resulting 
socioeconomic  effects  are  held  to  acceptable  levels. 

c.  Providing  additional  flood  storage  upstream  from  Prado  Dam. 


The  Authorised  Plan 

2-09  The  Santa  Ana  River  Phase  I  GDM  submitted  to  Congress  in  September 
1980  recommended  in  addition  to  other  flood  control  features,  the 
construction  of  a  flood  control  dam,  (Mentone  Dam) ,  on  the  Santa  Ana 
River.  Mentone  Dam  was  to  be  located  just  northwest  of  the  City  of 
Mentone  and  north  of  the  City  of  Redlands,  California.  The  estimated 
cost  for  Mentone  Dam  was  $530,032,000  (October  1985  price  levels).  Due 
to  considerable  opposition  to  the  dam  based  on  project  effects  to 
existing  water  recharge  facilities  in  the  region,  and  esthetic 
considerations,  the  Assistant  Secretary  of  the  Army  (Civil  Works) 
recommended  that  the  Santa  Ana  River  Mainstem  Project  be  authorized 
"with  the  exception  of  Mentone  Dam." 

2-10  Congress  directed  the  Corps  to  study  alternatives  to  the 
previously  proposed  Mentone  Dam  under  Section  1304  of  the  1984 
Supplemental  Appropriations  Bill.  In  accordance  with  further  direc¬ 
tives,  the  study  was  focused  on  upstream  flood  storage  alternatives. 
Local  interests  also  favored  a  study  of  upstream  flood  storage 
alternatives. 
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2-11  The  Upper  Santa  Ana  River  Flood  Storage  Alternative  Study, 
Supplement  to  Phase  I  GDM  on  the  Santa  Ana  River  Mainstem  including 
Santiago  Creek  was  completed  in  December  1985.  The  Upper  Santa  Ana 
River  Dam,  now  called  the  Seven  Oaks  Dam,  was  the  recommended  alterna¬ 
tive  to  Mentone  Dam  and  was  subsequently  authorized.  The  recommended 
plan  consisted  of  a  dam  in  the  Santa  Ana  River  Canyon  about  4  miles 
upstream  from  the  previously  proposed  Mentone  damsite  and  about  8  miles 
northeast  of  the  City  of  Redlands.  The  dam  would  have  been  an  earth  and 
rock  fill  structure  with  a  height  of  about  550  feet  above  the  existing 
streambed,  crest  width  of  40  feet,  crest  length  of  about  3,000  feet,  and 
crest  elevation  at  2,610  feet  NGVD.  The  upstream  and  downstream  slopes 
would  have  been  1  vertical  on  2  horizontal  (IV  on  2H).  The  dam  would 
have  had  a  storage  capacity  of  160,000  acre-feet  at  the  spillway  crest 
elevation  of  2,580  feet  NGVD.  The  storage  was  allocated  as  follows: 

a.  Sediment:  32,000  acre-feet 

b.  Flood  Control:  128,000  acre  feet 

The  dam  would  have  provided  approximately  88  percent  of  the  storage 
capacity  of  the  previously  proposed  Mentone  Dam. 

2-12  A  detached  spillway  was  to  be  located  about  1,700  feet  east  of  the 
dam.  It  would  have  had  a  trapezoidal  cross  section  with  a  base  width  of 
500  feet  and  side  slopes  averaging  IV  on  1H.  The  spillway  would  have 
been  unlined  except  for  a  concrete  control  sill  across  the  invert  at  the 
crest. 


2-13  The  outlet  works  tunnel  was  to  be  located  within  the  east 
abutment.  The  tunnel,  excavated  in  rock  and  lined  with  reinforced 
concrete,  would  have  been  approximately  1,900  feet  long  with  a  finished 
inside  diameter  of  15  feet.  A  vertical  control  shaft  would  have  been 
constructed  to  intersect  the  outlet  tunnel  approximately  one-third  the 
distance  downstream  from  the  intake  where  a  gate  chamber  would  be 
constructed.  The  outflow  would  have  been  regulated  by  three  sets  of 
8-foot-wide  by  10-foot-high  tandem  vertical  lift  gates;  each  set  with  an 
operation  gate  and  an  emergency  gate.  The  gates  were  to  be  housed  in  a 
transition  section  at  the  base  of  the  control  shaft.  The  control  shaft 
would  have  been  a  reinforced  concrete  structure  with  a  height  of  530 
feet  and  a  circular  cross  section  24  feet  in  diameter.  The  permanent 
intake  3ill  elevation  wa3  to  be  at  2,180  feet  NGVD.  The  intake 
structure  was  to  be  sloped  up  at  the  abutment  and  was  to  incorporate  a 
sliding  bulkhead  gate  and  moveable  trash  rack  system.  The  invert 
elevation  at  the  downstream  end  of  the  outlet  would  have  been  at  2,050 
feet  NGVD.  The  outlet  was  to  end  in  a  flip  bucket  into  a  grouted  stone 
plunge  pool  approximately  730  feet  long  and  320  feet  wide. 

2-14  The  proposed  foundation  treatment  required  a  triple-line  grout 
curtain,  with  injection  holes  spaced  approximately  10  feet  apart.  The 
center  line  of  the  grout  curtain  was  to  be  about  300  feet  deep  under  the 
maximum  section  of  the  dam  and  decreasing  with  elevation  in  the  abutment 
area. 
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2-15  A  drainage  channel  was  to  be  excavated  through  the  ridge 
separating  Government  Canyon  from  the  Santa  Ana  River.  The  drainage 
channel  would  enable  flows  from  Government  Canyon  to  drain  into  the 
Santa  Ana  River  and  prevent  a  separate  impoundment  at  Government  Canyon. 

2-16  The  existing  hydropower  facility  in  the  reservoir-dam  area  is  the 
Southern  California  Edison's  CSCE)  system  of  flumes  and  three  hydropower 
plants.  Within  the  project  area  are  Powerhouse  No.  2,  (the  second  of 
three  powerhouses  in  the  series),  an  access  road,  flumes,  and  trans¬ 
mission  lines.  It  was  proposed  to  waterproof  sensitive  equipment  at 
Powerhouse  No.  2  and  provide  payment  for  periodic  inundation  so  that  it 
could  remain  in  place.  A  1 -mile-long  section  of  open  flume  was  to  be 
structurally  modified  with  concrete  supports  to  withstand  periodic 
inundation  and  electrical  transmission  lines  leading  from  the  power¬ 
houses  relocated  above  the  maximum  reservoir  pool. 

2-17  Forest  Service  access  roads  and  a  water  well  owned  by  the  Bear 
Valley  Mutual  Water  Company  would  also  have  been  affected  by  the 
project.  The  well  was  to  be  left  in  place,  but  replaced  by  a 
submersible  pump  with  a  waterproof  power  system.  An  alignment  requiring 
about  2  miles  of  new  road  was  to  extend  to  the  top  of  the  dam  from  the 
existing  Alder  Creek  Road,  near  the  dam's  west  abutment,  and  then 
upstream  onto  the  canyon  floor,  where  it  would  have  reconnected  with  the 
existing  access  roadways  to  upstream  Forest  Service  lands  and  to 
Southern  California  Edison  facilities.  About  1,000  acres  of  Forest 
Service  lands  would  have  been  required  for  flood  control  purposes. 

2-18  The  downstream  Santa  Ana  River  streambed  was  the  proposed  pervious 
borrow  source  for  dam  construction.  A  preferred  area  for  pervious 
borrow  materials  was  located  in  an  area  that  roughly  corresponds  to  the 
existing  water  conservation  spreading  grounds  just  south  of  Greenspot 
Road  (pi.  2).  Use  of  this  site  would  have  involved  removing  surface 
alluvial  materials  from  the  area;  as  well  as  recontouring  the  site 
following  completion  of  borrow  operations  and  reconstruction  of 
spreading  facilities. 

2-19  A  recreation  plan  for  the  Seven  Oaks  Dam  was  prepared  which 
consisted  of  an  access  road,  a  trail  for  hiking  and  equestrian  use,  and 
a  day -use  site  providing  trail  access,  as  well  as  picnic,  barbecue, 
restroom,  and  parking  facilities.  The  quality  of  the  recreation 
experience  in  the  canyon  was  to  be  changed  from  that  associated  with 
natural,  wilderness-type  environments  to  a  more  urban/rural-oriented 
development. 

2-20  The  introduction  of  Corps  project-related  recreational  development 
was  to  supplement  the  recreation  investments  planned  by  the  U.S.  Forest 
Service  within  the  watershed.  The  Forest  Service  requested  consider¬ 
ation  of  "in  lieu"  site  recreation  which  would  allow  them  to  shift  the 
planned  investment  or  comparable  future  resources  for  recreational 
development  from  the  project  site  to  other  more  accessible  Forest 
Service  sites.  However,  further  study  of  "in  lieu"  site  recreation  was 
not  undertaken  due  to  its  inconsistency  with  the  Corps  of  Engineers 
policy  on  recreational  development. 
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2-21  The  recommended  plan  called  for  extensive  mitigation  of 
environmental  impacts.  The  mitigation  plan  for  long-term  impacts  to 
wildlife  habitat  was  incrementally  evaluated  to  ensure  that  the 
recommended  features  met  mitigation  goals  in  the  most  cost-efficient 
manner  possible.  Gains  in  environmental  value  associated  with 
individual  mitigation  measures  were  evaluated  in  cooperation  with 
U.S.  Fish  and  Wildlife  Service,  U.S.  Forest  Service,  and  the  California 
Department  of  Fish  and  Game.  The  mitigation  evaluation  was  described  in 
the  SEIS  accompanying  the  Phase  I  Supplemental  GDM. 

2-22  The  mitigation  element  of  the  recommended  plan  for  biological 
resources  had  six  main  features: 

a.  Acquisition  of  Section  5,  an  area  of  upland  habitat  immediately 
adjacent  to  the  damsite.  Purchase  of  this  649-acre  site  would 
have  prevented  it  from  being  developed  (a  direct  effect  of 
improved  access  to  the  area  as  a  result  of  the  project),  and 
would  thus  have  preserved  a  significant  deer  habitat  area  and 
minimized  project-associated  impacts. 

b.  Acquisition  of  Filaree  Flats,  currently  owned  by  the  Bear  Valley 
Mutual  Water  Company.  Acquisition  of  this  138-acre  site  would 
have  provided  for  very  cost  effective  preservation  of  high 
quality  riparian,  aquatic,  and  upland  habitat. 

c.  Habitat  improvement  of  USFS  lands  on  Bear  Creek  were  to  include 
revegetation,  recontouring,  slope  stabilization,  and  improved 
USFS  management.  These  improvements  were  to  provide  significant 
riparian,  aquatic,  and  upland  habitat  for  deer. 

d.  Improvement  of  public  lands  in  the  Santa  Ana  Wash,  which  would 
provide  a  considerable  area  of  riparian  and  aquatic  habitat. 

e.  Protection  of  the  Federally  endangered  Eriastrum  (plant  species) 
within  the  Santa  Ana  Wash  that  would  be  threatened  by  the 
project  to  assure  no  net  adverse  effects. 

f.  Improvement  (reseeding)  of  areas  temporarily  affected  by 
construction  activities. 

2-23  It  should  be  noted  that  there  were  trade-offs  between  upland  and 
more  valuable  riparian  habitat  involved  in  this  plan.  The  mitigation 
plan  was  developed  in  coordination  with  resource  agencies.  It  was 
recommended  by  the  Chief  of  Engineers  contingent  upon  confirmation  of 
results  during  detailed  design  phases. 

2-24  Impacts  to  cultural  sites  would  also  have  been  mitigated.  The 
grave  sites  of  an  infant  and  stillborn  child  in  the  vicinity  of  the 
outlet  works  required  relocation. 

2-25  For  the  35-mile  reach  extending  from  Seven  Oaks  Dam  to  Prado  Dam  a 
100-year  floodway  was  to  be  delineated.  The  floodway  was  to  be  evaluated 
in  accordance  with  the  Federal  Emergency  Management  Agency  (FEMA) 


guidelines,  except  that  flows  under  future  conditions  would  be  utilized 
with  Seven  Oaks  Dam  in  place  and  operational.  The  local  sponsors  were 
to  have  the  responsibility  to  manage  the  floodway  and  fringe  floodplain 
in  accordance  with  regulations  established  by  FEMA. 


The  Plan  Bee wended  .in  this  Report 

2-26  The  plan  recommended  in  this  report  differs  very  little  from  the 
authorized  plan.  Seven  Oaks  Dam  remains  an  earth  and  rock  fill 
structure  with  approximately  the  same  dimensions  as  the  authorized  plan. 
The  storage  volume  afforded  by  the  dam  is  smaller  due  to  changes  in  the 
characteristics  of  the  reservoir  based  on  more  detailed  topographic 
mapping.  The  reservoir's  storage  volume  has  been  reduced  from  160,000 
acre-feet  to  about  145,600  acre-feet  at  the  spillway  crest  elevation  of 
2,580  feet  NGVD  (pi.  27). 

2-27  The  sediment  storage  allocation  in  the  reservoir  is  32,000  acre- 
feet;  however,  detailed  sediment  distribution  studies  using  the  current 
topographic  mapping  revealed  that  Southern  California  Edison  Company's 
Powerhouse  No.  2  would  be  buried  by  approximately  50  feet  of  sediment  at 
the  end  of  project  life  (pis.  28  and  29).  This  finding  impacted  the 
relocation  alternatives  previously  considered,  which  only  addressed 
potential  inundation  impacts.  A  relocation  plan  was  identified  for  the 
Edison  facilities  based  on  consideration  of  the  sediment  conditions. 

For  estimating  costs  of  the  relocation,  a  plan  consisting  of  removing 
Powerhouses  Nos.  2  and  3,  replacing  the  flume  between  Powerhouse  No.  2 
and  3  with  a  pressure  pipe,  replacing  powerhouse  No.  3  to  accommodate 
the  higher  head,  and  relocating  the  transmission  line  above  the  proposed 
maximum  reservoir  level  was  evaluated  (pi.  3). 

2-28  The  estimated  depth  of  sediment  accumulation  at  the  intake  of  the 
outlet  works  increased  from  approximately  80  feet  to  165  feet.  The 
increase  in  the  depth  of  sediment  required  the  modification  of  the 
outlet  works.  In  this  volume  of  the  Phase  II  GDM  Report,  three  outlet 
works  schemes  are  presented.  Also  see  Appendix  B  for  a  detailed 
description  of  all  three  schemes.  The  first  scheme  provides  for  an 
upstream  tunnel  control  and  consists  of  a  high  level  intake  tower  with 
control  gates,  a  regulating  diversion/outlet  tunnel  with  an  overhead 
access  gallery,  a  downstream  access  and  equipment  structure,  and  an 
outlet  channel  connecting  the  tunnel  downstream  portal  and  an  energy 
dissipating  plunge  pool.  The  second  system  provides  for  a  downstream 
tunnel  control  and  consists  of  a  high  level  intake  tower,  a  regulating 
diversion/ outlet  tunnel,  a  pressurized  steel  regulating  outlet  conduit 
inside  the  tunnel,  a  downstream  control  and  equipment  structure  located 
at  the  tunnel  outlet  portal,  and  an  outlet  channel  connecting  the 
control  structure  to  an  energy  dissipating  plunge  pool  (pis.  9  and  10). 
The  third  scheme,  consists  of  a  mid-tunnel  control  chamber,  with  access 
to  the  vaulted  gate  chamber  from  a  vertical  access  shaft.  The 
downstream  control  tunnel  alternative  is  the  recommended  plan.  For  the 
purpose  of  estimating  the  cost  of  the  project,  the  downstream  control 
alternative  is  presented  in  the  project  cost  estimates  (Section  XVI). 
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2-29  The  mitigation  plans  have  changed  slightly  from  the  authorized 
plan.  The  acquisition  of  Filaree  Flats  remains  as  part  of  the 
mitigation  plan;  however,  due  to  the  over  compensation  of  habitat 
losses,  the  least  cost  efficient  feature  of  the  mitigation  plan,  Bear 
Creek  mitigation  area,  was  deleted.  Opportunities  for  recreational 
development  were  evaluated,  but  recreation  facilities  are  no  longer 
recommended  because  they  would  be  inconsistent  with  current  management 
objectives  of  the  United  States  Forest  Service. 

2-30  The  Southern  California  Edison  Santa  Ana  River  Hydroelectric 
System  has  been  determined  eligible  for  listing  in  the  National  Register 
of  Historic  Places  (NRHP) ,  and  significant  elements  in  the  district  such 
as  the  powerhouses,  flumes  and  transmission  lines,  if  impacted,  will  be 
mitigated.  Other  properties,  if  determined  NRHP  elibible  will  require 
mitigation.  Mitigation  measures  will  be  formulated  in  consultation  with 
the  Advisory  Council  on  Historic  Preservation  and  the  State  Historic 
Preservation  Officer.  Mitigation  measures  may  involve  documentation  of 
historic  structures,  the  excavation  of  significant  archeological  sites 
for  data  recovery,  or  avoidance/preservation  measures  where  feasible. 


Consideration  of  Other  Alternatives 

2-31  Alternatives  were  evaluated  for  the  dam  type,  the  outlet  works, 
the  spillway,  the  energy  dissipator,  and  relocation  of  Southern 
California  Edison  Company  facilities.  A  summary  of  the  alternatives 
considered  for  each  feature  and  the  basis  for  selecting  the  recommended 
plan  is  presented  in  the  following  paragraphs. 

DAM  ALTERNATIVES 

2-32  The  two  alternatives  evaluated  for  the  dam  were:  CD  a  Roller 
Compacted  Concrete  (RCC)  dam,  and  (2)  an  earth  and  rock  fill  dam. 
Preliminary  cost  studies  indicated  that  both  methods  of  construction 
would  be  competitive  at  this  site  with  potential  cost  savings  being 
attributed  to  the  RCC  dam.  However,  due  to  the  proximity  of  the  dam  to 
the  San  Andreas  fault  and  other  smaller  faults  and  trace  faults,  a 
recommendation  was  made  by  Dr.  Clarence  Allen,  Engineering  Seismologist 
at  the  California  Institute  of  Technology,  that  the  dam  be  designed  to 
accommodate  4  feet  of  displacement  at  any  location  in  the  foundation 
rock  and  in  any  direction.  Given  this  criteria,  unprecedented  defensive 
measures  were  incorporated  for  the  RCC  alternative  and  subject  to  review 
by  geotechnical  and  structural  experts.  Based  on  the  expert  review,  the 
earth  and  rock  fill  dam  was  selected  as  the  preferred  alternative.  A 
technical  assessment  for  the  earth  and  rock  fill  dam,  the  RCC  dam,  and 
expert  review  and  comment  are  included  as  Appendix  F  to  this  volume. 

OUTLET  MORES 

2-33  Three  outlet  works  alternatives  were  evaluated  for  the  Phase  II 
GDM  study:  (1)  upstream  control  with  access  from  the  downstream  end  of 
the  tunnel  through  an  overhead  gallery,  (2)  downstream  control  with 
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service  gates  at  the  downstream  end  of  the  tunnel,  and  (3)  mid-tunnel 
control  with  access  to  a  vaulted  gate  chamber  from  a  vertical  access 
shaft  (Appendix  B).  Each  of  the  options  appear  to  be  competitive  from  a 
cost  standpoint.  The  recommended  outlet  works  is  the  downstream  control 
alternative. 

SPILLWAY 

2-34  Three  alternative  spillway  designs  were  evaluated  during  the  Phase 
11  GDM  study:  (1)  the  design  developed  during  the  Phase  I  GDM,  modified 
to  include  concrete  lining  on  the  downstream  slope;  (2)  an  unlined 
spillway  with  a  horizontal  approach  and  an  ogee  control  section  at  the 
downstream  end,  and  (3)  a  horizontal  unlined  spillway. 

2-35  Geotechnical  investigations  at  the  spillway  during  the  Phase  II 
GDM  study  indicated  that  the  rock  mass  is  highly  fractured  and 
moderately  weathered.  Consequently,  some  erosion  of  the  spillway 
channel  will  occur  during  spillway  flows.  The  possibility  of  gully 
formation  back  to  and  undercutting  the  recommended  concrete  control  sill 
is  considered  to  be  unlikely,  even  during  PMF  flows.  Therefore,  because 
of  (1)  the  infrequency  of  use,  (2)  the  short  duration  of  spillway  flows, 
(3)  the  deepening  and  widening  of  the  concrete  control  sill  at  an 
upstream  location  to  ensure  spillway  control,  and  (4)  the 
disproportionate  costs  of  a  concrete-lined  spillway  compared  to  the 
possible  damages  averted,  the  Phase  I  design  with  slight  modification 
would  be  implemented. 

2-36  The  original  Phase  I  spillway  design  had  an  adverse  slope  to  the 
crest  of  0.04  and  a  slope  downstream  of  the  crest  of  0.02.  A  6-foot 
deep  concrete  control  sill  was  located  across  the  invert  at  the  spillway 
crest  700  feet  from  the  downstream  end  of  the  spillway.  The  spillway 
design  was  refined  in  the  Phase  II  GDM  to  increase  the  distance  from  the 
crest  to  the  downstream  end  so  that,  if  a  headcut  were  to  develop,  a 
longer  period  of  time  would  be  required  for  the  headcut  to  reach  the 
concrete  control  sill.  The  concrete  control  sill  is  now  located 
approximately  1,000  feet  from  the  downstream  end  of  the  spillway 
(pi.  8).  In  addition,  the  width  and  depth  of  the  concrete  sill  was 
increased  from  8  to  11  feet  and  6  to  10  feet  respectively. 

ENERGY  DISSIPATOR 

2-37  Ten  alternatives  and  features  for  the  energy  dissipator  downstream 
from  the  tunnel  outlet  were  developed  on  a  conceptual  basis,  however, 
only  three  alternatives  were  considered  to  be  viable.  The  evaluation 
and  details  of  the  alternatives  are  provided  in  Appendix  G.  The  ten 
alternatives  and  features  and  the  conclusions  reached  on  each  are 
presented  below. 

a.  Do  nothing.  Due  to  the  possibility  of  a  scour  hole  undermining 
the  outlet  portal  and  redistribution  of  streambed  materials 
during  flows,  this  concept  was  dropped  from  further 
consideration. 
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b.  Protection  of  the  downstream  end  of  the  outlet  portal.  This 
alternative,  consisting  of  constructing  a  concrete  cutoff  wall, 
was  carried  forward  in  the  study. 

c.  Flip  bucket.  This  alternative  was  carried  forward  in  the  study. 

d.  Flip  bucket  discharging  into  a  pre-formed  plunge  pool  created  by 
excavating  the  alluvium.  This  alternative  was  carried  forward 
in  the  study. 

e.  Energy  dissipator  with  submerged  flow.  This  alternative  was 
dropped  from  further  consideration  due  to  the  large  depth  of 
excavation  required. 

f.  Submerged  bucket.  This  alternative  was  dropped  from  further 
consideration  due  to  the  large  depth  of  excavation  required. 

g.  Channel  stabilizers.  This  alternative  was  dropped  from  further 
consideration  due  to  the  natural  self-armoring  ability  of  the 
streambed . 

h.  Drop  structures.  This  alternative  was  dropped  from  further 
consideration  due  to  the  natural  self-armoring  ability  of  the 
streambed . 

i.  Channelization.  This  alternative  was  dropped  as  unnecessary. 

j.  Site  specific  erosion  and  flood  protection.  This  alternative 
was  dropped  from  further  consideration  because  the  sediment 
transport  studies  indicated  that  the  channel  would  armor  before 
any  significant  degradation  would  occur. 

2-38  The  selected  energy  dissipator  for  the  downstream  and  mid-tunnel 
outlet  works  alternatives  consists  of  constructing  a  cutoff  wall 
downstream  from  the  outlet  channel  and  a  flip  bucket  discharging  into  a 
pre-formed  plunge  pool.  The  selection  was  based  on  cost 
considerations.  The  flip  bucket  alternative  was  estimated  to  be  less 
expensive  than  the  without  flip  bucket  plan  due  to  the  shorter  cutoff 
wall  required.  For  the  upstream  control  alternative,  the  without  flip 
bucket  alternative  wa3  less  costly.  Elimination  of  the  pre-formed 
plunge  pool  wa3  also  considered,  but  the  need  to  provide  adequate 
initial  energy  dissipation  and  to  prevent  large  sediment  deposits  in  the 
downstream  channel  ultimately  led  to  the  decision  to  retain  the  pre¬ 
formed  plunge  pool. 

RELOCATIONS 

2-39  Relocation  alternatives  were  developed  for  four  primary  features: 

a.  Southern  California  Edison  (SCE)  Powerhouse  No.  2 

b.  SCE  flume  line  between  Powerhouses  Nos.  2  and  3 
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c.  SCE  transmission  line 

d.  Bear  Valley  Mutual  Water  Company  Well  No.  2 

Seven  alternatives  were  developed  for  SCE  Powerhouse  No.  2.  Of  the 
seven  alternatives,  four  required  continued  powerhouse  operation  and  the 
necessity  to  relocate  the  existing  flume  line.  Two  alternatives  were 
developed  for  the  flume  line  relocation.  In  addition  six  of  the  seven 
powerhouse  relocation  alternatives  required  relocation  of  the  existing 
transmission  lines.  Two  alternatives  were  evaluated  for  the 
transmission  line  relocation.  Relocation  of  Well  No.  2  is  required 
independent  of  the  other  relocations.  Two  alternatives  were  evaluated 
for  the  well  relocation.  The  alternatives  considered  for  each  of  these 
features  is  presented  in  the  following  paragraphs. 

POWERHOUSE  HO.  2 

2—^0  The  relocations  or  modifications  were  reanalyzed  to  account  for 
the  changes  in  the  area  capacity  data  and  the  sediment  distribution. 

The  purpose  of  the  study  was  to  develop  a  reasonable  cost  estimate  for 
feasibility  evaluation.  There  are  a  number  of  reloeation/modification 
options  that  appear  competitive.  The  relocation/modification  study 
results  are  presented  in  a  report  entitled  "Seven  Oaks  Dam,  Final 
Concepts  Report,  Preliminary  Cost  Estimate  for  Relocations/Modification 
to  SCE  Facilities"  (November  1987,  by  Robert  Bein,  William  Frost,  and 
Associates).  The  following  seven  relocation/modification  alternatives 
were  considered  for  the  system: 

a.  Construct  a  watertight,  protective  concrete  bunker  over  the 
existing  Powerhouse  No.  2  facilities. 

b.  Eliminate  Powerhouse  No.  2  and  increase  the  generating  capacity 
at  Powerhouse  No.  3  downstream  to  accommodate  the  additional 
head. 

c.  Eliminate  Powerhouse  No.  2,  and  pay  SCE  damages  for  lost  power 
from  the  wasted  head. 

d.  Floodproof  Powerhouse  No.  2  for  less  than  SPF  protection  and  pay 
SCE  damages  after  the  facility  becomes  inoperable  due  to 
inundation  and  sediment  impacts. 

e.  Eliminate  Powerhouses  No.  2  and  No.  3  and  pay  SCE  damages  for 
lost  power  from  the  wasted  heads. 

f.  Provide  pumped  storage  above  Powerhouse  No.  1  for  use  during 
peak  demand  and  eliminate  Powerhouses  No.  2  and  No.  3  and  pay 
SCE  damages  for  the  net  lost  power  in  the  system. 

g.  Purchase  the  entire  system  and  lease  back  the  operations  to  the 
Edison  Company  for  as  long  as  possible. 
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Two  cost  competitive  solutions  were  the  option  to  provide  a  protective 
bunker  at  Powerhouse  No.  2  (a  above)  and  the  option  to  eliminate 
Powerhouse  No.  2,  transfer  the  head  to  Powerhouse  No.  3  and  install  new 
turbines  (b  above).  The  option  to  eliminate  Powerhouse  No.  2  and  to 
modify  Powerhouse  No.  3  to  accommodate  the  additional  head  was  selected 
as  the  preferred  solution  because  it  could  provide  equivalent  energy 
production.  The  cost  for  the  Powerhouse  No.  3  modification  option  was 
estimated  at  $12,150,000.  The  option  to  provide  a  protective  bunker  was 
approximately  the  same  cost,  but  contained  operational  difficulties 
(including  periodic  inundation)  which  were  undesireable.  The  other 
options  were  estimated  to  cost  over  $15,000,000. 

FLUME  LINE 

2-41  The  two  relocation  alternatives  for  the  flume  line  between 
Powerhouses  No.  2  and  No.  3  were:  (1)  replace  the  open  channel  portions 
of  the  flume  with  a  closed  conduit,  concrete-line  the  existing  tunnel 
portions  and  maintain  the  existing  alignment,  and  (2)  replace  the  flume 
with  a  closed,  pressurized  conduit  and  realign  it  along  the  streambed. 
Replacement  of  the  flume  with  a  closed  pressurized  conduit  located  in  the 
streambed  was  the  selected  option  based  on  advantages  in  constructability 
and  compatibility  with  the  selected  powerhouse  relocation  alternative. 

The  conduit  will  be  constructed  by  tunneling  through  the  left  abutment  at 
the  damsite  near  the  dam's  outlet  works.  The  conduit  through  the  left 
abutment  will  be  a  48-inch  diameter  steel  pipe  separated  from  the  outlet 
works.  It  will  be  located  approximately  200  to  300  feet  east  of  the 
dam's  outlet  works  tunnel  and  will  have  a  parallel  alignment. 

TRANSMISSION  LINE 

2-42  The  relocation  alternatives  for  the  transmission  line  were  limited 
to  evaluating  an  alignment  above  the  reservoir  pool  on  the  east  rim  of 
the  reservoir  as  opposed  to  the  alignment  shown  on  the  west  rim  of  the 
reservoir  in  the  Phase  I  Supplemental  GDM.  The  alignment  on  the  east 
rim  of  the  reservoir  was  favored  by  the  United  States  Forest  Service  on 
the  basis  of  esthetics  and  by  the  Southern  California  Edison  Company  on 
the  basis  of  constructability.  The  east  rim  alignment  was  selected  on 
the  basis  of  constructability  on  more  favorable  terrain. 

HELL  NO.  2 

2-43  Two  relocation  alternatives  were  examined  for  the  Bear  Valley 
Mutual  Water  Company  Well  No.  2.  One  alternative  consisted  of  replacing 
the  existing  electric  pump  with  a  submersible  unit  and  relocating  the 
pump  control  panels  above  the  projected  reservoir  pool.  The  other 
alternative  consisted  of  abandoning  the  existing  well  and  drilling  a  new 
well  downstream  from  the  proposed  damsite  and  installing  a  new  pump  and 
motor.  The  option  to  replace  the  existing  well  with  a  submersible  unit 
was  viewed  to  have  more  potential  for  operation  and  maintenance 
problems.  These  problems  would  be  created  by  sedimentation  at  the 
existing  well  in  addition  to  difficult  access  to  the  high  level 
controls.  Therefore,  the  selected  plan  calls  for  a  new  well  in  the 
vicinity  of  Powerhouse  No.  3* 
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III.  PROJECT  FEATURES 


General 

3-01  The  following  paragraphs  describe  each  of  the  flood  control 
features  of  the  project.  The  relocation  of  utilities,  existing  access 
roads,  and  the  permanent  access  roads  to  the  project  are  covered  in  more 
detail  in  sections  VIII  and  IX  of  this  volume. 


i  tea  Embankment 

i 

i  3-02  Seven  Oaks  Dam  will  be  constructed  with  earth  and  rockfill 

materials  from  spillway  and  drainage  channel  excavation  and  nearby 
alluvial  deposits.  The  dam  will  be  approximately  630  feet  above  the 
lowest  foundation  bedrock  contact  and  approximately  550  feet  above  the 
existing  streambed  at  the  dam  axis.  The  crest  elevation  of  the  dam  will 
be  at  2,610  feet  NGVD  with  a  crest  length  of  2,980  feet.  The  crest 
width  will  be  40  feet.  The  outer  slopes  of  the  embankment  will  be  IV  on 
2H  (pi.  4) 

3-03  The  embankment  section  will  be  designed  to  produce  a 
conservatively  safe  dam  while  utilizing  the  materials  available  at  the 
site  in  the  most  cost-effective  manner.  The  impervious  central  core 
will  extend  from  bedrock  to  within  10  feet  of  the  crest  of  the  dam 
(pi.  6).  The  top  width  of  the  core  will  be  16  feet  and  the  base  width 
will  be  approximately  one-third  of  the  maximum  hydrostatic  head.  The 
core  will  be  flanked  by  upstream  and  downstream  filter  zones  composed  of 
minus  3-inch  alluvial  materials  processed  from  the  downstream  pervious 
borrow  area  or  from  the  foundation  excavation.  The  upstream  shell  will 
consist  of  free-draining  minus  12-inch  alluvial  materials  processed  from 
the  downstream  pervious  borrow  area,  with  an  outer  layer  of  oversize 
stone.  The  downstream  transition  zone  will  consist  of  unprocessed  rock 
excavated  from  the  spillway  and  Government  Canyon  Ridge,  with  an  outer 
layer  of  oversize  stone  from  the  pervious  borrow  area. 


( 
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3-04  Embankment  zoning  provides  resistance  to  concentrated  leaks  by 
placing  high  strength  and  erosion  resistant  materials  at  the  outer 
shells.  -A  crack-resistant  impervious  core  and  well-graded,  cohesionless 
filter  and  transition  zones  are  designed  to  be  effective  in  sealing 
internal  cracks  which  may  develop  due  to  differential  settlement  or 
earthquake  induced  movement.  The  outer  shells  of  free-draining  sands, 
gravels  and  rockfill  are  designed  with  relatively  flat  slopes  to  provide 
stability  during  an  earthquake. 


Government  Canyon  Channel 

3-05  A  channel  to  connect  Government  Canyon  with  the  main  Santa  Ana 
River  will  be  excavated  through  Government  Canyon  Ridge  to  permit 
drainage  of  the  Government  Canyon  watershed  during  diversion  and  control 
of  water  (pi.  23).  The  initial  drainage  channel  excavation  will  create 
a  trapezoidal  notch  through  Government  Canyon  Ridge  with  a  minimum 
bottom  width  of  30  feet,  side  slopes  of  IV  on  1H,  and  an  invert  slope 
from  Government  Canyon  to  the  Santa  Ana  River  of  about  0.05  over  a 
700-foot  length.  The  drainage  channel  in  conjunction  with  a  50-foot 
high  cofferdam  will  provide  greater  than  25-year  protection. 

3-06  The  drainage  channel  excavation  on  Government  Canyon  will  later  be 
expanded  as  the  embankment  construction  proceeds.  The  excavated 
materials  will  be  used  in  the  downstream  transition  zone  of  the 
embankment  (pis.  5  and  6).  Approximately  4,300,000  yds’  of  material 
will  be  excavated  from  the  ridge,  (800,000  yds’  as  part  of  the  initial 
drainage  channel  diversion  and  3 i 500, 000  yds’  of  expanded  excavation  as 
required  for  embankment  construction).  After  the  required  volume  of 
material  is  excavated,  the  area  will  be  graded  for  drainage  into  the 
Santa  Ana  River,  and  the  initial  drainage  channel  will  no  longer  exist. 


Outlet  Works 

3-07  Three  complete  designs  (upstream  control  with  downstream  access 
through  an  overhead  gallery,  downstream  control,  and  mid-tunnel  control 
with  a  vertical  access  shaft)  are  presented  in  Appendix  B  of  this  volume, 
entitled  "Seven  Oaks  Dam  Outlet  Works."  The  recommended  plan  is  the 
downstream  control  alternative.  The  recommended  outlet  tunnel  will  be 
excavated  through  the  east  (left)  abutment.  The  tunnel  will  be  used 
during  the  embankment  construction  for  diversion  of  streamflows  around  the 
embankment  site.  With  a  50-foot-high  cofferdam,  the  diversion  tunnel  will 
provide  18-year  flood  protection  to  below  streambed  foundation  excavation 
and  embankment  construction  activities.  A  detailed  description  of  the 
diversion  and  control  of  water  is  covered  in  section  XIII. 


Energy  Dissipator 

3-08  The  energy  dissipator  associated  with  the  downstream  tunnel 
control  and  mid-tunnel  control  alternatives  consist  of  a  flip  bucket 
with  pre-formed  plunge  pool  and  toe  protection  for  the  outlet  channel. 
Normal  operation  releases  will  discharge  from  the  flip  bucket.  Under 
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these  conditions,  a  scour  hole  would  be  formed  by  the  resulting  water 
Jet,  eventually  providing  the  required  energy  dissipation.  The 
alignment  and  angle  of  the  flip  bucket  will  determine  the  location  of 
the  scour  hole.  The  upstream  control  alternative  was  found  to  be  less 
costly  without  the  flip  bucket. 

3-09  The  pre-formed  plunge  pool  will  be  armored  with  cobbles  and 
boulders  removed  from  the  native  alluvium.  The  initial  plunge  pool  for 
the  downstream  control  alternative  will  have  a  top  length  of 
approximately  790  feet.  The  top  width  will  vary  from  approximately  130 
to  460  feet.  The  maximum  depth  will  be  approximately  14  feet.  The  side 
slopes  will  be  excavated  to  IV  on  3H.  The  armoring  will  consist  of 
stones  larger  than  6  inches  in  size.  The  pre-formed  plunge  pool  is 
expected  to  scour  down  deeper  under  project  operation  until  stability  is 
attained  at  approximately  21  feet  deep.  The  initial  plunge  pool  for  the 
upstream  control  alternative  will  have  a  top  length  of  approximately 
330  feet.  The  top  width  will  vary  from  approximately  190  to  300  feet. 
The  maximum  depth  will  be  approximately  23  feet.  Project  operation 
stability  will  be  attained  at  approximately  34  feet  deep.  For  the  mid¬ 
tunnel  control  alternative,  the  initial  plunge  pool  will  have  a  top 
length  of  approximately  540  feet.  The  top  width  will  vary  from 
approximately  160  to  360  feet.  The  maximum  depth  will  be  approximately 
16  feet.  Project  operation  stability  will  be  attained  at  approximately 
24  feet  deep.  The  final  top  dimensions  of  the  plunge  pools  are  expected 
to  remain  the  same  as  the  pre-excavated  dimensions  (pis.  10A,  10B,  and 
10C).  The  pool  alignment  and  size  are  subject  to  change  pending 
detailed  studies  to  better  estimate  actual  scour  depths  and  scour  hole 
configurations  at  the  feature  design  level.  Also,  different  flip  bucket 
angles  will  be  studied  to  better  align  the  pool  away  from  the  outlet 
works  access  road. 

3-10  A  cutoff  wall  will  be  provided  at  the  downstream  end  of  the  outlet 
works  exit  channel  to  provide  scour  protection  to  the  flip  bucket,  exit 
channel  and  outlet  portal.  Details  of  the  exit  channel  and  cutoff  wall 
are  presented  in  Appendix  B.  The  cutoff  wall  for  the  downstream  control 
alternative  is  inclined  on  a  slope  of  IV  on  1H  and  flared  with  a  top 
width  (just  under  the  flip  bucket)  of  24  feet  and  a  bottom  width  of 
169  feet.  The  toe  of  the  cutoff  is  at  elevation  2018  feet  NGVD, 
approximately  30  feet  below  the  exit  channel  invert.  The  cutoff  wall 
for  the  upstream  control  alternative  has  a  top  width  of  18  feet  and  a 
bottom  width  of  215  feet.  The  toe  of  the  cutoff  is  at  elevation 
2008  feet  NGVD,  approximately  40  feet  below  the  exit  channel  invert. 

For  the  mid-tunnel  control  alternative,  the  cutoff  wall  has  a  top  width 
of  18  feet  and  a  bottom  width  of  120  feet.  The  toe  of  the  cutoff  is  at 
elevation  2009  feet  NGVD,  approximately  40  feet  below  the  exit  channel 
invert . 


Spillway 

3-11  The  spillway,  500  feet  wide  and  approximately  1400  feet  long,  will 
be  excavated  in  rock  in  a  natural  saddle  just  east  of  the  dam  (pi.  7). 
The  spillway  section  will  be  trapezoidal  and  unlined  except  for  a 
concrete  control  sill  located  approximately  1,000  feet  from  the  down- 
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stream  end.  The  control  sill  will  be  of  cast- in-place,  reinforced 
concrete  construction.  The  top  of  the  control  sill  will  be  at  elevation 
2,580  feet  NGVD.  The  invert  slope  leading  up  to  the  sill  will  be  on  an 
adverse  grade  of  0.025.  The  invert  slope  downstream  from  the  sill  will 
be  0.02.  The  side  slopes  will  be  an  average  of  IV  on  1H,  though  the 
actual  side  slopes  will  have  benches  25  feet  wide,  at  50-foot  vertical 
spacings  with  side  slopes  between  benches  excavated  to  IV  on  0.5H. 

3-12  The  top  of  the  spillway  excavation  daylights  370  feet  above  the 
crest  at  approximately  elevation  2,950  feet  NGVD.  The  peak  water 
surface  elevation  during  a  Probable  Maximum  Flood  (PMF)  event  is 
estimated  at  elevation  2,604.4  feet  NGVD.  The  water  surface  profile 
through  the  spillway  is  shown  on  plate  8. 


Access  Roads 

3-13  Paved  all-weather  access  roads  will  be  provided  to  the  outlet 
works,  dam  crest,  intake  structure,  and  spillway.  Permanent  access 
within  the  reservoir  and  upstream  canyon  will  be  provided  by  a  graded, 
unpaved  road  equivalent  to  the  existing  unpaved  access  road  in  the 
streambed.  Also  see  section  IX,  Access  Roads. 

3-14  The  access  road  to  the  downstream  portal  of  the  outlet  works  will 
extend  from  Greenspot  Road,  a  distance  of  approximately  5,500  feet.  The 
road  will  generally  parallel  the  west  bank  of  the  Santa  Ana  River 
(pis.  11  through  15)  before  crossing  over  to  the  east  bank  near  the 
existing  SCE  Powerhouse  No.  3  and  continuing  up  the  canyon  to  access  the 
outlet  works. 

3-15  The  access  road  to  the  crest  of  the  dam  will  consist  of,  first, 
improving  approximately  18,350  feet  of  the  existing  unpaved  Alder  Creek 
Road  from  Greenspot  Road  by  widening  and  paving  (pi.  16)  and,  second, 
constructing  a  new  extension  from  the  existing  Alder  Creek  Road  to  the 
top  of  the  dam  at  the  west  abutment  approximately  3,700  feet  in  length 
(pi.  17).  The  intake  structure  access  road  (pi.  21)  will  extend  from 
this  point  and  along  the  west  abutment  to  the  upstream  face  of  the 
dam.  The  road  will  then  be  constructed  along  the  upstream  embankment 
face  at  about  a  6  percent  grade.  The  road  will  then  traverse  part  of 
the  east  abutment  until  it  terminates  at  the  intake  structure,  a  total 
distance  from  the  top  of  the  dam  of  approximately  4,785  feet.  Access  to 
the  intake  structure  vertical  tower  will  be  provided  by  a  reinforced 
concrete  bridge.  The  spillway  access  road  (pi.  18)  will  extend  from  the 
road  on  the  top  of  the  dam  at  the  east  abutment  and  follow  the  reservoir 
rim  to  the  spillway  location,  a  distance  of  approximately  1,775  feet. 

3-16  The  upstream  canyon  access  road  will  branch  off  from  the  spillway 
access  road  and  traverse  the  upstream  edge  of  the  spillway.  From  here 
the  unpaved  road  will  follow  the' reservoir  rim  until  it  meets  the 
existing  unpaved  access  road  in  Warm  Springs  Canyon,  a  distance  of 
approximately  7,260  feet  (pis.  19  and  20).  This  existing  road  can  then 
be  used  to  enter  the  upper  Santa  Ana  River  canyon. 
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Reservoir  Clearing 


3-17  Generally,  the  extent  of  reservoir  clearing  is  evaluated  based  on 
the  flood  control  operational  needs  of  the  dam.  Clearing  the  reservoir 
will  consist  of  removing  all  floatable  material  in  the  debris  pool  area 
below  the  elevation,  2,299  feet  NGVD.  Vegetation  in  and  along  the 
streambed  in  the  vicinity  of  the  approach  channel,  the  outlet  works  intake 
structure  and  the  Government  Canyon  drainage  channel  will  also  be  removed. 


Hydrologic  Facilities 

3-18  The  device  used  to  record  the  water  surface  elevation  of  the  Seven 
Oaks  reservoir  will  be  a  servomanometer.  This  includes  a  purge  bubbler 
system,  a  nitrogen  storage  tank,  and  a  3-inch  rigid  water-tight  conduit 
installed  just  beneath  the  upstream  face  of  the  dam  that  runs  from  the 
top  of  the  dam  down  to  the  reservoir  bottom.  Six  orifices  with  pull 
boxes  at  0,  20,  120,  220,  320,  and  420  feet  above  the  invert  (measured 
vertically)  will  be  installed  in  the  3-inch  conduit.  In  addition,  pull 
boxes  will  be  installed  in  the  conduit  every  100  linear  feet  to  provide 
access  to  the  conduit  for  installation  and  maintenance.  Six  polyethy¬ 
lene  tubes  will  be  inserted  within  the  conduit,  one  for  each  orifice. 

The  two  lowest  orifices  will  be  enclosed  with  a  sediment  screen/tower, 

20  feet  high,  to  protect  the  orifice  from  being  buried  in  sediment.  A 
strip-chart  water  surface  recorder  will  be  installed  to  automatically 
record  water  surface  measurements  from  the  servomanometer.  A  8'W  by  8’L 
x  14 ’H  (inside  height)  gauge  house  will  be  constructed  on  the  top  of  the 
dam  to  contain  the  hydrologic  instrumentation  and  to  provide  AC  power, 
if  there  is  not  a  control  house  available  for  this  equipment.  A  digital 
readout  display  will  be  attached  to  the  recorder  to  display  the  latest 
recorded  measurement. 

3-19  A  series  of  staff  gauge  boards  will  be  installed  along  the 
upstream  face  of  the  dam.  The  boards  will  be  graduated  in  0.10  foot 
increments.  Each  staff  gauge  board  will  be  at  least  5  feet  high  and 
attached  to  a  galvanized  steel  channel  set  in  concrete.  Each  staff 
board  should  be  installed  so  as  to  be  readable  from  the  top  of  the  dam 
and  the  control  house.  The  elevation  of  these  staff  gauges  should  be 
adjustable. 

3-20  Each  outlet  service  gate  will  have  an  automatic  recorder  to 
document  all  gate  movements.  These  recorders  will  monitor  gate  settings 
and  make  a  permanent  record  of  them.  They  will  be  connected  to  the  gate 
control  mechanisms  and  the  radio  telemetry  equipment.  The  recorders 
should  be  automatically  activited  each  time  a  gate  control  switch  is 
activated  and  a  recording  of  the  new  gate  seating  with  the  date  and  time 
will  be  made.  This  information  will  be  recorded  on  paper  and 
transmitted  to  the  District  Office  via  the  radio  telemetry  equipment. 

3-21  Tipping-bucket  rain  gauges  will  be  installed  at  the  dam,  at  the 
stream  gauging  station  downstream  of  the  dam,  and  at  three  other 
locations  upstream  from  the  dam.  These  locations  are:  Big  Bear  Lake 
Dam,  Camp  Angeles,  and  Seven  Oaks.  The  tipping  bucket  will  accumulate 
.01  inch  of  rainfall  before  each  tip. 
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3-22  The  existing  USGS  stream  gauging  station  "Santa  Ana  River  near 
Mentone,"  No.  11051500,  will  be  used  to  measure  the  outflow  from  the 
Seven  Oaks  Dam  outlet  works.  This  gauge  has  a  period  of  record  from 
July  1896  to  the  present.  Staff  gauges  will  also  be  installed  to  allow 
visual  measurement  of  the  water  surface  at  the  gauge.  A  digital  readout 
display  will  be  attached  to  the  recorders  for  the  main  gauge  and  the 
supplemental  gauge  to  display  the  latest  recorded  measurements.  The 
gauge  control  section  and  control  house  may  require  modifications  to 
ensure  that  they  can  continue  in  operation  during  the  maximum  possible 
controlled  release  from  Seven  Oaks  Dam  of  8,000  ft^/s. 

3-23  At  least  three  index  range  lines  will  be  established  in  the 
reservoir  area  to  provide  an  indication  of  the  amount  of  sediment 
deposition  occurring  in  the  reservoir  during  the  project  life  and  to 
help  determine  the  need  for  additional  topographic  mapping. 

3-2*»  A  "remote  terminal  unit"  (RTU)  compatible  with  the  existing  Los 
Angeles  District's  telemetry  system  will  be  installed  at  the  reservoir 
water  surface  level  gauge  house,  the  three  upstream  precipitation 
stations,  and  the  downstream  gauge  house.  Each  RTU  will  include  a  power 
supply,  hydrologic  instrument  interface,  shaft  interface  to  connect  to 
the  water  surface  recorder  (if  applicable),  programmable  micro-computer 
control,  radio  transceiver,  and  antenna.  These  RTU’s  will  transmit  the 
gauged  information  to  the  District  Office  via  a  radio  repeater  station. 

A  new  radio  repeater  will  be  necessary  to  ensure  reception  of  the 
telemetry  transmissions  from  the  gauge  locations  described  above.  This 
repeater  would  be  located  on  an  accessible  mountain  peak  location  that 
has  line-of-sight  transmission  capability  to  repeat  signals  from  the 
gauge  locations  to  the  Los  Angeles  District  Office. 


Relocations 

3-25  There  will  be  no  permanent  relocation  of  any  public  streets, 
highways,  or  railroads.  Also  see  section  VIII.  An  unimproved  access 
road  used  by  the  U.S.  Forest  Service  and  Southern  California  Edison 
Company  (SCE)  to  maintain  hydroelectric  facilities  in  the  Upper  Santa 
Ana  Canyon  will  be  relocated  further  west.  The  SCE  hydropower 
facilities  and  a  water  well  owned  by  the  Bear  Valley  Mutual  Water 
Company  (BVMWC)  will  also  be  relocated  (pi.  22). 

3-26  The  SCE  hydropower  facilities  consist  of  a  series  of  powerhouses, 
flume  lines,  and  transmission  lines.  The  relocation  plan  eliminates 
powerhouse  No.  2  and  transfers  the  hydraulic  head  to  powerhouse  No.  3 
where  new,  high  efficiency  turbines  will  be  installed.  The  flume  line 
will  be  relocated  by  replacing  the  existing  flume  with  a  closed, 
pressurized  conduit  along  the  streambed.  Lastly,  the  transmission  line 
will  be  relocated  up  above  the  spillway  crest  elevation,  2,850  feet 
NGVD,  along  the  east  rim  of  the  reservoir. 

3-27  The  BVMWC  Well  No.  2  will  be  relocated  downstream  in  the  vicinity 
of  Powerhouse  No.  3«  Other  facilities  within  the  canyon  and  borrow 
areas  will  be  protected  in  place  or  avoided. 
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Esthetic  Treataent 


3-28  The  construction  of  Seven  Oaks  Dam  will  provide  a  large, 
prominent,  south-sloping  downstream  dam  face  with  side  slopes  of 
1  vertical  on  2  horizontal,  rising  approximately  550  feet  above  the 
streambed  at  its  centerline.  The  curved  embankment  will  be  about  3,000 
feet  in  length.  The  spillway  for  Seven. Oaks  Dam  will  be  excavated  to 
the  east  of  the  dam  and  will  be  500  feet  wide  and  unlined. 

3-29  Although  the  project  is  located  in  a  highly  scenic  area,  no 
esthetic  treatment  will  be  recommended  for  the  spillway  due  to  its 
location.  The  spillway  will  not  be  readily  seen  by  the  public  from  the 
proposed  entry  road  or  mouth  of  the  canyon. 

3-30  The  dam  structure  will  easily  dominate  the  visual  setting  due  to 
its  proportion  and  scale  relative  to  the  existing  characteristics  of  the 
landscape.  However,  it  is  assumed  that  c.ly  one  third  or  less  of  the 
upper  portion  of  the  downstream  face  of  the  dam  will  be  viewed  from  the 
entry  road  and  from  outside  the  canyon.  Therefore,  esthetic  treatment 
is  proposed  for  only  the  upper  one  third  portion  of  the  dam. 

3-31  The  upper  one- third  portion  of  the  downstream  embankment  of  the 
dam  will  be  stained  with  a  color  similar  to  the  boulders  and  rock 
outcroppings  on  the  surrounding  hillsides.  Similar  colored  rock  may 
also  be  obtained  elsewhere.  The  color  staid  and/or  rock  added  to  the 
downstream  rock  face  will  blend  the  portions  of  the  dam  visible  from 
outside  the  canyon  with  foreground,  background,  and  adjacent  hillsides, 
making  the  dam  structure  less  alien  to  the  surroundings. 


Administration  Area  During  and  After  Construction 

3-32  During  construction  of  the  project,  a  small  office  will  be  built 
downstream  from  the  damsite.  The  location  will  be  north  of  Greenspot 
Road  just  off  the  existing  SCE  access  road  which  leads  into  the  damsite 
(pi.  24).  The  office  will  be  used  as  a  Corps  of  Engineers’  resident 
office  during  construction.  The  office  will  be  a  10-foot  by  25-foot 
concrete  masonry  block  building  with  an  attached  2-car  garage. 

Temporary  trailers  will  also  be  used  as  office  space  during 
construction.  Electrical  power  will  be  supplied  from  a  distribution 
line  extension  to  be  built  and  owned  by  Southern  California  Edison  (SCE) 
for  this  project.  Power  (208Y/120  or  120/240  volts)  will  be  obtained 
from  a  step-down  transformer  installed  and  owned  by  SCE.  Power  will 
supply  lighting  panelboards  that  will  feed  loads  such  a  luminares, 
receptacles,  and  other  small  loads.  There  will  also  be  an  unpaved 
parking  lot  area.  After  completion  of  the  project,  the  building  will  be 
converted  into  the  dam  tender’s  office  and  maintenance  yard  for  project 
operation. 
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IT.  HYDROLOGY 


General 

4-01  This  section  presents  a  brief  description  of  the  Seven  Oaks  Dam 
drainage  area  along  with  a  presentation  of  design  discharges,  water 
surface  elevations  and  other  pertinent  information  for  the  recommended 
dam.  More  detailed  information  on  the  development  of  the  hydrology  is 
given  in  Volume  7  of  this  Phase  II  GDM. 

4-02  The  Seven  Oaks  Dam  watershed  drains  approximately  177  mi2, 
excluding  the  ineffective  area  of  32  mi2  tributary  to  Baldwin  Lake.  The 
headwaters  of  the  watershed  are  in  the  rugged  San  Bernardino  Mountains. 
Elevations  vary  from  10,664  feet  NGVD  at  Anderson  Peak  and  11,502  feet 
NGVD  at  San  Gorgonio  Peak  to  2,060  feet  NGVD  at  the  damsite,  which  is 
approximately  1  mile  upstream  from  the  canyon  mouth.  Generally  trending 
northeast  to  southwest,  the  27  miles  of  river  upstream  from  the  damsite 
have  an  average  gradient  of  300  ft/mi,  with  individual  stream  gradients 
of  450  and  628  ft/mi  for  subareas  A2  and  A3,  respectively  (pi.  32). 
However,  small  tributaries  originating  in  the  high  mountains  have 
gradients  that  exceed  1,900  ft/mi.  Bear  Creek,  the  principal  tributary 
within  the  canyon  area,  comprises  55  mi2  and  has  an  average  gradient  of 
approximately  460  ft/mi.  Well-developed  growths  of  fir  and  pine  occur 
above  elevations  of  about  5,000  feet.  Large  areas  on  the  plateaus  and 
hills  are  covered  with  grass  and  brush.  The  drainage  area  above  the  dam 
is  expected  to  remain  largely  undeveloped  during  the  project  life.  Big 
Bear  Lake  Dam  is  the  only  existing  structure  which  would  affect 
floodflows  in  this  watershed.  Big  Bear  Lake  is  a  water-conservation  and 
recreation  reservoir  owned  by  the  Big  Bear  Muncipal  Water  District.  The 
lake  has  a  drainage  area  of  about  38  mi2  and  has  a  surcharge  storage  of 
about  8,600  acre-feet  at  the  top  of  the  dam. 

4-03  Precipitation  characteristically  occurs  in  the  form  of  rainfall, 
although  in  the  higher  elevations  some  falls  as  snow.  In  general,  the 
quantity  of  precipitation  increases  with  elevation.  The  mean  seasonal 
precipitation  for  the  basin  varies  from  about  24  inches  at  the  damsite 
to  about  45  inches  in  the  higher  mountain  areas.  Nearly  all 
precipitation  occurs  during  the  months  of  December  through  March. 
Rainless  periods  of  several  months  during  the  summer  are  common. 


4-04  Streamflow  is  perennial  in  the  upper  canyons  of  the  Santa  Ana 
River  and  in  the  headwaters  of  most  of  the  tributaries,  but  intermittent 
at  the  damsite  and  the  river  is  usually  dry  in  the  summer  months. 
Streamflow  increases  rapidly  in  response  to  effective  precipitation. 
High-intensity  precipitation  in  combination  with  the  effects  of  steep 
gradients  and  possible  denudation  by  fire  result  in  intense  sediment¬ 
laden  floods,  with  some  debris  in  the  form  of  shrubs,  trees  and 
boulders. 


Design  Criteria 

4-05  The  recommended  plan  is  to  construct  a  550-foot  high,  earth  and 
rock  fill  dam  about  1  mile  upstream  from  the  confluence  of  Mill  Creek 
and  the  Santa  Ana  River.  The  top  of  the  dam  is  at  elevation  2,610  feet 
NGVD  (Rational  Geodetic  Vertical  Datum)  and  the  spillway  crest  tops  out 
at  elevation  2,580  feet  NGVD.  Total  storage  below  spillway  crest  of 
about  145,600  acre-feet  is  based  on  NED  (National  Economic  Development) 
considerations.  Of  the  145,600  acre-feet  of  storage,  32,000  acre-feet 
is  set  aside  for  100-year  sediment  accumulation,  which  i3  the  total 
amount  of  sediment  trapped  in  the  reservoir  over  a  100-year  period  for 
sediment  producing  storms  in  that  period.  The  operation  of  Seven  Oaks 
Dam  during  major  flood  events  is  based  on  the  flood  condition  downstream 
at  Prado  Dam.  When  the  water  surface  in  Prado  Dam  is  rising,  a  maximum 
release  of  500  ft^/s  will  be  maintained  from  Seven  Oaks  Dam.  As  the 
water  surface  elevation  at  Prado  Dam  begins  to  decline,  a  schedule 
maximum  discharge  of  up  to  7,000  ft’/s  will  be  released  (under  emergency 
conditions,  8,000  ft^/s).  With  the  reservoir  design  flood  (RDF) 
occurring  at  Prado  Dam  and  releases  at  Seven  Oaks  Dam  held  to  a  maximum 
of  500  ft^/s,  less  than  4,000  acre-feet  of  the  Seven  Oaks  Dam  component 
4-day  volume  of  101,000  acre-feet  will  reach  Prado  Dam.  When  the  water 
surface  elevation  at  Prado  Dam  is  falling,  the  release  rate  at  Seven 
Oaks  Dam  is  based  on  the  water  surface  elevation  behind  Seven  Oaks  Dam. 
The  standard  project  flood  (SPF)  with  a  peak  inflow  of  82,000  ft^/s  and  a 
4-day  volume  of  110,500  acre-feet  (333-year  frequency  event)  fills  the 
reservoir  to  a  maximum  water  surface  elevation  of  2574.93  feet  NGVD  or 
5.07  feet  below  spillway  crest.  The  RDF  with  an  estimated  peak  discharge 
of  85,000  ft^/s  and  a  4-day  volume  of  115,000  acre-feet,  corresponds  to  a 
350-year  frequency  event  and  will  fill  the  reservoir  to  the  spillway 
crest.  The  initial  water  surface  elevation  for  the  SPF  and  RDF  routings 
is  elevation  2,300  feet  NGVD  (top  of  debris  pool)  for  future  conditions. 
The  appropriateness  for  this  elevation  is  manifested  in  the  water 
control  plan  for  Seven  Oaks  Dam.  The  water  control  plan  requires  the 
release  of  floodflows  as  soon  as  possible  to  draw  down  the  reservoir 
pool  to  the  top  of  the  debris  pool  in  preparation  for  the  next  flood 
event.  The  RDF  routing  is  shown  on  figure  1.  Plate  33  displays  design 
flood  peak  discharges  for  the  Santa  Ana  River. 

4-06  Risk  is  defined  as  "the  probability  that  one  or  more  events  will 
exceed  a  given  flood  magnitude  within  a  specified  period  of  years."  In 
other  words,  risk  enables  a  probabilistic  statement  to  be  made  about  the 
chances  of  a  particular  location  being  flooded  when  it  is  occupied  for  a 


IV -2 


specified  number  of  consecutive  years.  For  example,  if  a  project  is 
designed  to  protect  against  a  100-year  flood,  during  any  100-year 
period,  there  is  a  63  percent  risk  that  one  or  more  floods  will  occur 
that  exceeds  the  design  level.  The  following  is  the  results  of  the  risk 
analysis  at  Seven  Oaks  Dam: 


Period  of  Time 
(years) 


Project 
Design  Level 
Annual  Exceedence 
Frequency 
(percent) 


Risk  of  Exceeding  Design  Level 
(percent)  ~ 

One  or  More  Two  or  More 
Floods  Floods 


10 

approximately  0.29 

3 

0 

25 

approximately  0.29 

7 

0 

50 

approximately  0.29 

14 

1 

100  (project  life) 

approximately  0.29 

25 

3 

From  the  results  listed  above  for  the  100-year  project  life,  a 
25  percent  risk  exists  that  one  or  more  floods  will  exceed  the  project 
design  level  of  about  350  years.  To  illustrate,  if  100  projects  were 
designed  to  protect  against  a  350-year  flood  during  any  100-year  period, 
25  of  the  projects  will  experience  one  or  more  floods  exceeding  the 
design  level. 
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V.  HYDRAULIC  DESIGN 


General 

5-01  The  hydraulic  design  and  analysis  documented  in  this  chapter  was 
performed  in  accordance  with  the  guidance  presented  in  EM  1110-2-1603 
(ref.  2),  EM  1110-2-1614  (ref.  6),  EM  1110-2-2300  (ref.  9),  EM  1110-2- 
1601  (ref.  17),  and  EM  1110-2-1602  (ref.  19).  The  references  used 
herein  are  cited  at  the  end  of  this  chapter.  A  complete  hydraulic 
design  has  been  prepared  for  three  alternative  outlet  works  configura¬ 
tions:  upstream  control,  downstream  control,  and  mid-tunnel  control. 
The  hydraulic  design  of  the  plunge  pool  and  the  diversion  of  water 
during  construction  is  dependent  upon  the  outlet  works  configuration; 
consequently,  a  separate  design  was  prepared  for  each  alternative. 
However,  the  area-capacity  curve,  spillway,  dam  freeboard,  minimum 
revetment  design,  and  downstream  floodway  are  common  to  all  the  outlet 
works  alternatives. 


Reservoir  Area  and  Capacity 


GROSS  CAPACITY 

5-02  The  elevation  versus  gross  storage  curves  are  displayed  in 
figure  2  and  are  based  upon  topographic  mapping  compiled  from  aerial 
photography  flown  in  October,  1986.  The  mapping  is  on  file  in  the  Los 
Angeles  District  Office  under  file  number  CA  2777. 

SEDIMENTATION 

Volume 

5-03  The  volume  of  sediment  to  be  distributed  in  the  Seven  Oaks 
Reservoir  was  determined,  in  reference  16,  to  be  32,000  acre-feet.  This 
volume  represents  the  amount  of  sediment  which  would  be  trapped  in  the 
reservoir  after  100  years  of  service. 
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Selection  of  Method  of  Distribution 


5-04  The  procedure  used  was  that  recommended  in  EM  1110-2-4000  Appendix 
E,  (ref.  1).  EM  1110-2-4000  describes  four  methods  for  distributing 
sediment  in  reservoirs.  Of  the  four,  two,  the  "Empirical  Area  Reduction 
Method"  and  the  "Area-Increment  Method,"  are  recommended  for  use. 

5-05  The  Empirical  Area-Reduction  Method  is  considered  more  accurate  in 
predicting  bed  elevation  at  and  near  the  dam.  It  is  recommended  for  use 
under  extreme  reservoir  operation  conditions,  when  the  reservoir  shape 
is  unusual,  or  when  the  100-year  volume  of  sediment  to  be  distributed 
exceeds  fifteen  percent  of  the  total  reservoir  capacity. 

5-06  EM  1110-2-4000  does  not  provide  a  definition  of  "extreme  operating 
conditions."  However,  in  comparison  with  many  dams  which  have  large 
conservation  pools,  any  single  purpose  flood  control  reservoir  which  is 
nearly  dry  at  the  beginning  of  an  event,  then  fills  rapidly  and  then  is 
drawn  down  until  it  is  nearly  dry  again  as  quickly  as  possible,  could 
probably  be  characterized  as  having  extreme  operating  conditions. 

5-07  EM  1110-2-4000  does  not  provide  a  definition  of  an  "unusual 
reservoir  shape";  therefore,  there  is  no  basis  for  classifying  the  Seven 
Oaks  reservoir  as  either  usual  or  unusual. 

5-08  Seven  Oaks  Dam  will  have  a  gross  storage  capacity  of  145,600 
acre-feet  at  spillway  crest.  Thirty-two  thousand  acre-feet  of  sediment 
storage  is  22  percent  of  145,600  acre-feet.  This  percentage  of 
reservoir  capacity  taken  up  by  sediment  exceeds  the  range  of 
applicability  of  the  Area-Increment  Method.  Based  upon  this  and  the 
discussion  in  paragraphs  5-04  to  5-06,  the  Empirical  Area  Reduction 
Method  was  selected  to  distribute  sediment  in  the  Seven  Oaks  Reservoir. 

Tasks  in  Distributing  Sediment 

5-09  The  first  ta3k  in  distributing  the  sediment  is  to  determine  the 
elevation  of  the  spillway  crest.  Based  upon  an  economic  analysis, 
elevation  2,580.0  feet  NGVD  was  selected. 

5-10  The  second  task  is  to  classify  the  reservoir  as  either:  Type  I 
(Lake),  Type  II  (Floodplain-foothill),  Type  III  (Hill)  or  Type  IV 
(Gorge).  The  higher  the  classification,  the  more  the  sediment  has  a 
tendency  to  deposit  near  the  embankment.  The  basis  of  the 
classification  is  the  inverse  of  the  slope  of  a  line  plotting  the 
logarithm  of  the  depth  on  the  y-axis  against  the  logarithm  of  the 
capacity  on  the  x-axis.  EM  1110-2-4000  assigns  the  variable  "m"  to  this 
quantity.  Seven  Oaks  Dam  has  an  average  "m"  of  2.43,  which  places  it  in 
the  Type  III  (Hill)  classification.  Since  this  value  is  near  the 
boundary  of  the  Type  II  (Floodplain- foothill)  classification,  a  case 
might  be  made  for  reducing  the  classification  of  the  Seven  Oaks 
reservoir;  however,  EM  1110-2-4000  indicates  that  reservoirs  with 
operation  schedules  which  require  substantial  drawdowns  would  tend  to 
have  higher  classifications  than  that  indicated  by  the  "m"  value. 
Therefore,  it  was  determined  that  a  lower  classification  would  not  be 
appropriate  and  that  the  Type  III  classification  would  be  more  accurate. 
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5-11  The  third  task  is  to  determine  the  depth  of  sediment  which  will 
deposit  against  the  reservoir  embankment.  EM  1110-2-4000  describes  and 
provides  an  example  of  an  empirical  procedure  for  determining  this 
value.  This  procedure  was  followed  for  Seven  Oaks  Dam  and  indicated 
that  approximately  165  feet  of  sediment  will  deposit  against  the  dam 
embankment  and  intake  tower. 

5-12  The  fourth  and  final  task  is  to  distribute  the  sediment  throughout 
the  rest  of  the  reservoir.  EM  1110-2-4000  describes  and  provides  an 
example  of  an  empirical  method  for  this  determination  also.  This 
procedure  was  followed  for  Seven  Oaks  Dam.  Refer  to  figure  2  for  the 
resultant  net  area-capacity  curve. 

Debris  Pool 

5-13  As  indicated  in  para.  8-04  of  Volume  7,  Hydrology,  a  debris  pool 
will  be  maintained  during  the  flood  season  at  elevation  2,200  feet  NGVD 
at  the  beginning  of  the  project  life,  rising  gradually  to  2,300  feet  at 
the  end  of  the  project  life.  The  purpose  of  the  debris  pool  is  to 
provide  a  zone  of  still  water  to  induce  deposition  of  suspended  sands. 
Deposition  of  this  material  will  reduce  wear  on  the  outlet  works 
conduits  and  appurtenances  caused  by  abrasion  of  the  high  velocity 
flows.  As  shown  on  plate  29,  the  debris  pool  at  the  beginning  of  the 
project  life  will  daylight  against  the  existing  streambed  approximately 
3,500  feet  upstream  of  the  toe  of  the  dam.  At  the  end  of  the  project 
life,  the  debris  pool  will  daylight  against  the  estimated  sediment  delta 
approximately  2,000  feet  upstream  of  the  toe  of  the  dam.  These 
distances  will  be  sufficient  to  minimize  transport  of  sands  through  the 
debris  pool  to  the  outlet  works. 


Outlet  Works 

5-14  A  complete  description  of  the  three  outlet  works  tunnel  control 
alternatives  from  the  intake  tower  to  the  end  of  the  outlet  channel  is 
given  in  Appendix  B. 


Plunge  Pool  for  Upstream  Control  Alternative 

5-15  The  hydraulic  design  of  the  plunge  pool  for  the  upstream  control 
alternative  is  discussed  in  detail  in  Appendix  G.  Refinement  of  the 
design  with  additional  analysis  and  hydraulic  model  testing  will  be  made 
during  preparation  of  the  Feature  Design  Memorandum.  The  plunge  pool  is 
displayed  on  plate  10A. 


Flip  Bucket  and  Plunge  Pool  for  Downstream  Control  Alternative 
GENERAL 

5- 1 6  The  development  of  conceptual  alternatives  for  dissipating  the 
energy  of  releases  from  the  Seven  Oaks  Dam  outlet  works  and  for  the 
preliminary  evaluation  of  those  alternatives  is  discussed  in  Appendix  G. 
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FINAL  ENERGY  DISSIPATING  ALTEHNATITES 


5-17  Completion  of  the  preliminary  evaluation  discussed  in  Appendix  G 
left  the  following  two  conceptual  alternatives  to  be  given  more  detailed 
consideration: 

a.  Alternative  2,  pre-formed  plunge  pool  and  toe  protection  (cutoff 
wall)  for  the  outlet  exit  channel. 

b.  Alternative  7,  flip  bucket  with  pre-formed  plunge  pool  and  toe 
protection  (cutoff  wall)  for  the  outlet  exit  channel. 

5-18  These  alternatives  are  very  similar.  Both  consist  of  a  cutoff 
wall  and  a  pre-formed  plunge  pool.  The  main  difference  between  the  two 
is  that  Alternative  7  has  a  flip  bucket  which  will  give  discharges 
coming  from  the  exit  channel  a  longer  trajectory.  With  the  flip  bucket 
the  discharges  will  impact  the  streambed  further  from  the  end  of  the 
exit  channel,  and  the  cutoff  wall  will  not  have  to  be  as  deep.  On  the 
other  hand,  because  the  flip  bucket  tends  to  spread  the  various 
discharges  over  a  larger  area,  the  scour  hole  (and  therefore  the 
preformed  plunge  pool)  will  be  larger. 

5-19  The  procedure  used  in  the  final  analysis  of  the  alternatives  was 
as  follows: 

a.  Design  the  flip  bucket. 

b.  Estimate  trajectory  lengths  for  the  various  design  discharges 
for  both  alternatives. 

c.  Estimate  the  scour  hole  depths  for  the  various  design  dicharges 
and  trajectories  for  both  alternatives. 

d.  Estimate  the  scour  hole  and  pre-formed  plunge  pool  dimensions 
for  both  alternatives. 

e.  Estimate  the  cutoff  wall  depths  for  both  alternatives. 

f.  Estimate  the  excavation  volumes  for  both  alternatives. 

g.  Estimate  the  concrete  volumes  for  both  alternatives. 

h.  Estimate  the  cost  of  each  alternative. 

i.  Select  the  alternative. 

j.  Estimate  the  misoperation  scour  hole  for  the  selected 
alternative  for  dam  safety  purposes. 


DESIGN  DISCHARGES 


5-20  Both  alternatives  were  designed  to  function  under  a  range  of 
discharges  varying  from  500  to  8,000  fws.  For  each  design  discharge 
there  were  two  sets  of  velocities  and  depths  representing  conditions  at 
the  end  of  the  exit  channel  (sta.  30+40).  One  set  assumed  a  smooth 
outlet  works  conduit  to  estimate  the  maximum  possible  velocities,  and 
the  other  set  assumed  a  rough  outlet  works  conduit  to  estimate  the 
maximum  possible  depth.  Where  possible,  balanced  gate  operation  was 
assumed.  In  the  case  of  the  maximum  depth  set,  a  50  percent  bulking  due 
to  air  entrainment  was  assumed.  Finally,  in  order  to  analyze  the  effect 
of  misoperation,  two  sets  of  discharges,  depths  and  velocities  were 
used.  These  sets  represent  the  conditions  that  would  result  if  both  of 
the  main  operating  gates  were  wide  open  with  the  reservoir  full  to 
spillway  crest  for  the  maximum  velocity  and  the  maximum  depth 
assumptions.  The  design  and  misoperation  discharges,  velocities  and 
depths  are  as  follows: 


Table  V-1.  Hydraulic  Parameters  for  Flip  Bucket  and  Plunge  Pool 

Analysis  and  Design  for  Downstream  Control  Alternative. 


Condition 

Discharge 

(ft*/s) 

Velocity 

(ft/s) 

Depth 

(ft) 

Max.  Velocity 

500 

80 

0.57 

Max.  Velocity 

2000 

115 

0.79 

Max.  Velocity 

4000 

142 

1.30 

Max.  Velocity 

8000 

145 

2.50 

Max.  Velocity 

11440* 

120 

4.30 

Max.  Depth 

500 

31.6 

2.10 

Max.  Depth 

2000 

55 

2.60 

Max.  Depth 

4000 

65.6 

4.20 

Max.  Depth 

8000 

79 

6.90 

Max.  Depth 

8614* 

69 

8.60 

•misoperation  discharge 

FLIP  BUCKET  DESIGN 
Radius  of  Curvature 

5-21  The  flip  bucket  was  designed  for  the  8,000  ft^/s  maximum  design 
discharge  and  was  checked  for  both  the  maximum  velocity  and  maximum 
depth  condition.  The  minimum  radius  of  the  flip  bucket  was  based  upon 
the  following  equation: 


V-5 


r  =  rho  Vj  d1 
m*n  Pt  -  ganna  d1 

where : 

rmin  is  the  minimum  bucket  radius 
rho  is  the  mass  density  of  water 
gamma  is  the  unit  weight  of  water 

d1  is  the  depth  of  water  at  the  initial  point  of  curvature 

Pt  is  the  allowable  bucket  pressure,  and 

V1  is  the  velocity  at  the  initial  point  of  curvature. 

This  equation  was  provided  in  reference  20.  Using  this  equation  a 
bucket  radius  of  curvature  of  120  feet  was  found  to  satisfy  both  the 
maximum  velocity  and  maximum  depth  condition. 

Minimum  Deflection  Angle 

5-22  The  minimum  deflection  angle  required  to  turn  the  jet  on  the  flip 
bucket  was  estimated  by  the  following  equation: 

theta  s  Tan"1((d1  (2r-d1 } } •5/(r-d1 ) } 

where : 

r  is  the  bucket  radius 

dj  is  the  depth  of  water  at  the  initial  point  of  curvature,  and  theta  is 
the  minimum  deflection  angle 

The  source  of  this  equation  is  reference  20.  The  minimum  deflection 
angle  was  determined  to  be  19.5  degrees.  For  this  design  a  deflection 
angle  of  35  degrees  was  selected.  This  is  the  maximum  deflection  angle 
recommended  in  reference  21. 

Bucket  Height 

5-23  The  following  equation  was  used  to  estimate  the  flip  bucket  height 
h  =  r  -  r  cos(theta) 
where : 

h  is  the  bucket  height 
r  is  the  bucket  radius,  and 
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theta  is  the  deflection  angle 

The  bucket  height  was  determined  to  be  22.7  feet. 

TRAJECTORIES 
Throw  Distance 

5-24  The  throw  distance  was  determined  graphically  by  plotting  the 
trajectory  of  the  discharges  on  a  sheet  with  the  streambed  profile. 

Impact  Angle 

5-25  The  angle  of  impact  of  the  discharges  with  the  streambed  was 
estimated  using  the  following  equation: 

theta'  =  Tan”1  (Sec(theta)  (Sin^(theta)  +  Y.,/he)  "S 

where : 

theta'  is  the  angle  of  impact 
theta  is  the  deflection  angle,  and 

Y i  is  the  vertical  distance  between  the  edge  of  the  flip  bucket  or  exit 
channel  and  the  point  of  impact. 

SOOOS  HOLE 

Jet  Dispersion 

5-26  Figure  157  of  Reference  21  was  used  to  estimate  the  dispersion  of 
the  jet  exiting  the  flip  bucket.  This  figure  estimates  angles  of 
lateral  dispersion  based  upon  the  Froude  Number  for  flip  bucket 
deflection  angles  varying  between  15  and  35  degrees.  For  the 
alternative  without  the  flip  bucket  no  dispersion  was  assumed.  It  was 
also  assumed  that  there  would  be  no  vertical  dispersion  for  either 
alternative.  The  jet  dispersion  computations  were  used  to  estimate  the 
velocity  of  the  jet  at  impact  with  the  streambed  for  use  in  the  scour 
equation. 

Scour  Hole  Depth 

5-27  The  scour  hole  depths  were  computed  for  the  full  range  of  design 
discharges  for  both  alternatives  using  two  equations  published  in 
reference  22.  The  equations  are  as  follows: 

Hy  =  0.558  Vi  di  /  ( dm° * 1 ) 

where: 

Hy  is  the  vertical  jet  scour  depth  (meters) 

Vi  is  the  impact  velocity  in  m/s 
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d^  is  the  flow  depth  at  impact  (meters) 
dm  is  the  mean  particle  diameter  (meters) 

Angled  Jet  Depth  =  Hy  Sin  (theta')  -  dtw 
where : 

theta'  is  the  impact  angle 
dtw  is  the  tailwater  depth 

The  mean  particle  diameter  was  assumed  to  be  15  mm.  This  is 
considerably  finer  than  the  mean  diameter  of  the  material  presently 
exposed  on  the  surface  of  the  streambed;  therefore,  it  is  considered  to 
be  a  conservative  assumption.  Additionally,  the  tailwater  depth  was 
assumed  to  be  zero,  which  is  also  conservative. 

Scour  Bole  Configuration 

5-28  The  scour  hole  that  would  result  from  any  given  discharge  was 
assumed  to  have  bottom  dimensions  as  follows.  The  width  of  the  scour 
hole  would  be  four  times  the  width  of  the  jet  as  it  impacts  the  stream- 
bed.  The  length  of  the  scour  hole  would  be  four  times  the  depth  of  the 

scour  hole.  The  sides  of  the  scour  hole  were  assumed  to  slope  at 

3  horizontal  to  1  vertical. 

5-29  For  each  alternative,  8  scour  holes  were  computed.  For  each  of 

the  four  design  discharges,  a  scour  hole  was  computed  for  both  the 

maximum  velocity  and  the  maximum  depth  conditions.  The  8  scour  holes 
were  plotted  on  both  plan  and  profile.  The  ultimate  scour  hole  that 
will  develop  for  the  entire  range  of  normal  operating  conditions  was 
estimated  by  graphically  determining  a  single  scour  hole  that  encom¬ 
passes  all  of  the  8  individual  scour  holes.  The  following  tables  provide 
the  estimated  ultimate  3Cour  hole  dimensions  for  each  alternative. 


Table  V-2.  Dimensions  of  Ultimate  Scour  Hole  With  Flip  Bucket 
for  Downstream  Control  Alternative. 


Station 

Approximate  Depth 
(ft) 

Bottom  Width 
(ft) 

30+54 

0 

119 

30+62 

5 

119 

30+85 

5 

119 

31+51 

11 

152 

31+91 

15 

172 

32+49 

20 

201 

34+70 

13 

217 

37+10 

21 

284 

37+96 

21 

284 

38+45 

0 

284 
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Tabel  V-3. 


Dimensions  of  Ultimate  Scour  Hole  Without  Flip  Bucket 
for  Downstream  Control  Alternative. 


Station 

Approximate  Depth 
(ft) 

Bottom  Width 
(ft) 

30+5*4 

0 

96 

31+00 

37 

96 

31+26 

*43 

96 

32+97 

37 

96 

33+97 

0 

96 

PRE -FORMED  PLUNGE  POOL 

Dimensions 

5-30  The  pre-formed  plunge 

pool  for  each  alternative 

was  assumed  to  be 

two  thirds  the  depth  of  the 

ultimate  scour  hole.  The 

following  tables 

provide  the  dimensions  of  the  pre-formed  plunge  pools. 

Table  V-*4.  Dimensions  of 
for  Downstream 

Pre-formed  Plunge  Pool 
Control  Alternative. 

With  Flip  Bucket 

Station 

Approximate  Depth 
(ft) 

Bottom  Width 
(ft) 

30+54 

0 

119 

30+62 

3.3 

129 

30+85 

3.3 

129 

31+51 

7.3 

174 

31+91 

10.0 

202 

32+49 

13.3 

241 

34+70 

8.7 

243 

37+10 

14.0 

326 

37+96 

14.0 

326 

38+45 

0 

284 

Table  V-5.  Dimensions  of 
for  Downstream 

Pre-formed  Plunge  Pool 
Control  Alternative. 

Without  Flip  Bucket 

Station 

Approximate  Depth 
(ft) 

Bottom  Width 
(ft) 

30+54 

0 

96 

31+00 

24.7 

170 

31+26 

28.7 

182 

32+97 

24.3 

169 

33+97 

0 

96 
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Excavation  Volumes 


5-31  The  required  excavation  volumes  for  the  pre-formed  plunge  pools 
were  computed  by  the  average  end  area  method.  With  the  flip  bucket  an 
excavation  volume  of  91,305  yds^  would  be  required.  Without  the  flip 
bucket  an  excavation  volume  of  65,605  yds^  would  be  required. 

CUTOFF  WALLS 

Depths 

5-32  The  cutoff  walls  were  assumed  to  be  10  feet  deeper  and  10  feet 
wider  on  each  side  than  the  scour  hole  dimensions  where  they  come  into 
contact  with  the  cutoff  walls.  The  cutoff  walls  were  assumed  to  have  a 
1H  on  IV  side3lope  extending  below  ground  with  15-foot-long  tie  back 
walls  at  each  end.  The  cutoff  walls  were  assumed  to  be  1.5  feet  thick. 
For  the  alternative  with  the  flip  bucket,  the  elevation  of  the  toe  of 
the  cutoff  wall  is  2,018  feet  NGVD.  For  the  alternative  without  the 
flip  bucket,  the  elevation  of  the  toe  of  the  cutoff  wall  is  1,981  feet 
NGVD. 

Concrete  Voluaes 

5—33  The  volume  of  concrete  in  the  flip  bucket  is  approximately  580 
yds^.  The  volume  of  concrete  in  the  cutoff  walls  is  approximately  370 
and  1,900  yds^,  respectively,  for  the  with  and  without  flip  bucket 
alternatives. 

SELECTION  OF  ENERGT  DISSIPATING  ALTERNATIVE 

5-34  Based  on  a  preliminary  cost  comparison  between  the  with  flip 
bucket  alternative  and  the  without  flip  bucket  alternative,  in 
conjunction  with  their  respective  designs  on  the  pre-formed  plunge  pool 
and  cutoff  wall,  the  with  flip  bucket  alternative  i3  selected  as  the 
more  economical  plan. 

MISOPERATION 

5-35  Using  the  methods  described  above,  the  ultimate  scour  hole 
resulting  from  the  misoperation  discharges  with  the  selected  energy 
dissipating  plan  was  computed.  The  closest  approach  of  the  daylight 
line  of  the  misoperation  scour  hole  to  the  toe  of  the  main  dam 
embankment  is  approximately  340  feet,  which  is  considered  a  reasonably 
safe  distance.  Since  misoperation  is  by  definition  an  unintentional 
deviation  from  normal  operation,  the  misoperation  scour  hole  was  not 
used  in  the  recommended  design. 
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SELECTED  ENERGY  DISSIPATING  PLAN 


General 

5-36  The  recommended  design  is  Alternative  ?,  the  flip  bucket  with 
pre-formed  plunge  pool  and  toe  protection  (cutoff  wall)  for  the  outlet 
channel.  For  this  alternative,  normal  operation  releases  would 
discharge  from  the  flip  bucket.  Under  these  conditions  a  scour  hole 
would  be  formed  by  the  resulting  water  jet,  eventually  providing  the 
required  energy  dissipation.  By  pre-forming  a  plunge  pool  downstream 
from  the  flip  bucket,  energy  dissipation  will  be  achieved  for  first-time 
releases.  Therefore,  it  is  recommended  that  a  plunge  pool  be  pre-formed 
to  approximately  two-thirds  the  ultimate  scour  depth.  Without  providing 
toe  protection  for  the  outlet  exit  channel,  the  channel  would  eventually 
be  undercut  by  the  scour  hole  induced  by  low  flows.  Therefore,  it  is 
further  recommended  that  the  existing  ground  below  the  outlet  portal 
exit  channel  be  protected  with  a  IV  on  1H  sloping  cutoff  wall.  Some 
minor  grading  is  required  downstream  from  the  plunge  pool  to  provide  a 
smooth  transition  to  the  existing  channel. 

Pre- formed  Plunge  Pool 

5-37  The  plunge  pool  has  a  total  top  length  of  approximately  790 
feet.  The  top  width  varies  between  approximately  130  and  460  feet.  The 
maximum  depth  of  the  pre-formed  pool  is  approximately  14  feet.  It  is 
suggested  that  when  excavating  the  plunge  pool,  the  coarse  surface 
material  (diameter  of  6  inches)  be  retained  and  used  to  line  the  plunge 
pool  after  excavation  is  complete.  Thi3  will  provide  additional 
stability  for  the  plunge  pool  and  may  reduce  the  ultimate  scour  depth. 

It  is  further  suggested  that  surface  material,  with  diameter  12  to  18 
inches,  be  used  to  line  the  upstream  face  of  the  preformed  plunge  pool. 
This  will  provide  additional  protection  against  scour  in  the  vicinity  of 
the  cutoff  wall. 

Cutoff  Hall 

5-38  Toe  protection  for  the  flip  bucket  will  be  provided  by  a  concrete 
cutoff  wall.  This  wall  will  be  approximately  24  feet  wide  just  under 
the  flip  bucket  (elevation  2,050  feet  NGVD).  The  wall  extends  down  at  a 
IV  on  1H  sideslope  and  widens  to  169  feet  at  elevation  2,0 33  feet  NGVD. 
The  wall  then  continues  down  at  this  width  to  elevation  2,018  feet  NGVD. 
For  purposes  of  producing  a  cost  estimate,  the  wall  was  assumed  to  be 
1.5  feet  thick.  Structural  considerations  may  dictate  otherwise.  The 
cutoff  wall  will  have  tie  back  walls  approximately  15  feet  long  from 
elevation  2,033  to  elevation  2,018.  Once  the  scour  hole  is  fully 
developed,  all  but  the  lower  10  feet  of  the  cutoff  wall  will  be  exposed. 
Therefore,  the  cutoff  wall  must  be  anchored  to  prevent  failure  by 
sliding. 
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Plunge  Pool  for  Downstream  Control  Alternative 


MODEL  STODT 

5-39  The  Chee  and  Yuen  method  was  used  for  computing  scour  depths.  It 
must  be  recognized  that  considerable  uncertainty  exists  with  any 
currently  available  method  for  computing  scour  depths.  Consequently, 
refinement  of  the  design  of  both  the  flip  bucket  and  pre-formed  plunge 
pool  will  be  made  with  additional  analysis  and  hydraulic  model  testing 
during  preparation  of  the  Feature  Design  Memorandum. 

PROJECT  IMPACTS 

5-40  The  following  impacts  will  be  caused  by  the  selected  energy 
dissipating  plan. 

a.  The  proposed  Seven  Oaks  Dam  embankment  will  be  protected  against 
damage  due  to  scour. 

b.  The  proposed  outlet  portal  exit  channel  will  be  protected 
against  damage  due  to  scour. 

c.  A  scour  hole  (plunge  pool)  with  dimensions  described  previously 
will  be  formed  by  normal  operation  reservoir  releases. 

d.  Adequate  energy  dissipation  will  be  provided  by  the  plunge  pool 
such  that  the  downstream  channel  bed  will  be  relatively  stable. 

e.  The  potential  for  slope  failure  of  the  canyon  walls  will  be 
reduced . 

f.  The  potential  for  3Cour  damage  to  all  structures,  pipelines,  and 
other  facilities  in  the  Santa  Ana  Canyon  will  be  reduced  or 
eliminated. 

g.  Po3t-project  flooding  downstream  from  the  damsite  will  be 
reduced  relative  to  pre-project  flooding  because  post-project 
releases  will  be  substantially  smaller  than  pre-project 
discharges. 

h.  The  significant  armoring  potential  of  the  river  channel  between 
the  damsite  and  Greenspot  Road,  and  the  reduction  in  flows 
downstream  from  the  damsite  will  result  in  reduced  scour 
potential  for  post-project  conditions. 


Flip  Bucket  and  Plunge  Pool  for  Mid-Tunnel  Control  Alternative 

5-41  The  hydraulic  design  of  the  flip  bucket  and  pre-formed  plunge  pool 
for  the  mid-tunnel  control  alternative  was  based  on  the  same  criteria 
and  procedures  used  for  the  downstream  control  alternative,  as  discussed 
in  detail  in  paragraphs  5-16  through  5-40  above.  As  for  the  downstream 
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control  alternative,  the  combination  of  a  pre-formed  plunge  pool  with  a 
flip  bucket  was  determined  to  be  less  expensive  than  a  pre-formed  plunge 
pool  without  a  flip  bucket. 

5-42  The  hydraulic  parameters  for  the  analysis  and  design  of  the  flip 
bucket  and  plunge  pool  for  the  mid-tunnel  control  alternative  are  given 
in  table  V-6  below.  The  depths  for  both  maximum  velocity  and  maximum 
depth  include  an  increase  of  50  percent  over  computed  values  to  account 
for  air  bulking.  The  bucket  flip  angle  was  set  at  35°  with  respect  to 
the  horizontal.  The  bucket  radius  is  57  feet  and  the  bucket  height  is 
10.5  feet. 


Table  V-6.  Hydraulic  Parameters  for  Flip  Bucket  and  Plunge  Pool 

Analysis  and  Design  for  Mid-Tunnel  Control  Alternative. 


Condition 

Discharge 

(ft3/s) 

Velocity 

(ft/s) 

Depth 

(ft) 

Maximum  Velocity 

500 

28.3 

1.47 

Maximum  Velocity 

2,000 

59.3 

2.81 

Maximum  Velocity 

4,000 

88.2 

3.78 

Maximum  Velocity 

8,000 

117.1 

5.70 

Maximum  Velocity 

12,430* 

128.2 

9.39 

Maximum  Depth 

500 

18.9 

2.21 

Maximum  Depth 

2,000 

31.0 

5.37 

Maximum  Depth 

4,000 

42.6 

7.82 

Maximum  Depth 

8,000 

58.7 

'1.34 

Maximum  Depth 

14,455* 

66.3 

15.6 

•misoperation  discharge 

5-43  Dimensions  of  the  ultimate  scour  hole  and  pre-formed  plunge  pool 
for  both  with  and  without  a  flip  bucket  are  given  in  tables  V-7  through 
V-10  below. 
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Table  V-7 


Dimensions  of  Ultimate  Scour  Hole  With  Flip  Bucket  for 
Mid-Tunnel  Control  Alternative. 


Station 

Approximate  Depth 
(ft) 

Bottom  Width 
(ft) 

30+55 

0 

0 

30+65 

7 

50 

30+80 

15 

100 

31+15 

19 

116 

31+60 

24 

144 

33+30 

19 

192 

34+65 

14 

252 

35+40 

9 

252 

35+70 

0 

0 

Table  V-8. 

Dimensions  of  Ultimate  Scour  Hole 
for  Mid-Tunnel  Control  Alternative 

Without  Flip  Bucket 

• 

Station 

Approximate  Depth 
(ft) 

Bottom  Width 
(ft) 

30+55 

0 

72 

30+60 

6 

72 

30+65 

10 

72 

30+70 

16 

72 

30+80 

22 

72 

30+85 

23 

72 

30+90 

29 

72 

30+95 

33 

72 

31+05 

44 

72 

31+55 

40 

72 

32+90 

36 

72 

33+50 

19 

72 

34+05 

0 

72 
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Table  V-9. 


Dimensions  of  Pre-formed  Plunge  Pool  With  Flip  Bucket 
for  Mid-Tunnel  Control  Alternative. 


Station 

Approximate  Depth 
(ft) 

Bottom  Width 
(ft) 

30+55 

0 

0 

30+65 

5 

64 

10 

130 

31+15 

13 

154 

31+60 

16 

192 

33+30 

13 

34+65 

9 

280 

35+40 

6 

270 

35+70 

0 

0 

Table  V-10. 

Dimensions  of  Pre-formed  Plunge  Pool 
for  Mid-Tunnel  Control  Alternative. 

Without  Flip  Bucket 

Approximate  Depth 

Bottom  Width 

Station 

(ft) 

(ft) 

30+55 

0 

72 

30+60 

4 

84 

30+65 

7 

92 

30+70 

11 

104 

30+80 

15 

116 

30+85 

15 

118 

30+90 

19 

130 

30+95 

22 

138 

31+05 

29 

160 

31+55 

27 

152 

32+90 

24 

144 

33+50 

13 

110 

34+05 

0 

0 

5-44  The  elevation  of  the  toe  of  the  cutoff  wall  with  the  flip  bucket 
is  2009  ft  NGVD,  and  without  the  flip  bucket  the  toe  elevation  is  1964 
ft  NGVD.  Refinement  of  the  design  of  both  the  flip  bucket  and  plunge 
pool  will  be  made  with  additional  analysis  and  hydraulic  model  testing 
during  preparation  of  the  Feature  Design  Memorandum. 
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Spillway 


5-45  Preliminary  rating  curves  of  spillway  width  versus  embankment 
height  were  developed  for  three  different  types  of  rock  cut  emergency 
spillways:  (1)  broadcrested  with  sloping  upstream  and  downstream 
channels,  (2)  entirely  horizontal,  and  (3)  horizontal  with  an  ogee  crest 
at  the  downstream  end.  Economic  analysis  determined  that  type  (1)  was 
the  most  feasible. 

MEED  FOB  CONCBSTE  LIB IMG 

Hydraulic  Conditions 

5-46  To  aid  in  assessing  the  need  for  lining  the  spillway  with 
concrete,  the  hydraulic  conditions  at  the  proposed  Seven  Oaks  spillway 
site  were  compared  to  those  at  other  similar  spillways  for  Los  Angeles 
District  dams.  A  list  was  compiled  of  similar  existing  rock  cut 
emergency  spillways  designed  and  constructed  by  the  Los  Angeles 
District.  The  dimensions  and  design  discharges  for  each  of  these 
spillways  were  also  obtained  and  the  channel  velocities  likely  to  be 
experienced  under  design  conditions  at  each  of  these  sites  were 
estimated  by  using  normal  and  critical  depth  relations.  The  results  of 
the  evaluation  are  as  follows: 


Year 

Des.  Q 

Vc 

Vn 

Dam 

Constructed 

ft3/s 

fps 

fps 

Pine  Canyon 

1957 

31,700 

14.5 

17.9 

Painted  Rock 

1959 

405,000 

27.4 

40.2 

Whitlow  Ranch 

1960 

147,000 

23.3 

25.5 

Alamo 

1968 

49,000 

23.1 

30.5 

Dreamy  Draw 

1973 

7,000 

12.3 

16.3 

Cave  Buttes 

1979 

100,600 

18.4 

26.7 

Adobe 

1982 

9,620 

18.6 

22.5 

New  River 

1984 

29,850 

21.9 

30.4 

Seven  Oaks 

proposed 

174,000 

21.7 

29.2 

After  reviewing  this  information,  it  was  determined  that  the  hydraulic 
conditions  at  Seven  Oaks  are  comparable  to  those  at  the  other  unlined 
rock  cut  emergency  spillways  and  that  the  spillway  at  Seven  0ak3  Dam 
could  therefore  remain  unlined. 

Other  Considerations 

5-47  Based  upon  an  economic  analysis,  the  spillway  crest  at  the  Seven 
Oaks  3ite  was  set  well  above  the  SPF  pool  maximum  water  surface 
elevation.  The  hydrologic  characteristics  of  the  watershed  above  the 
Seven  Oaks  site,  and  the  capacities  of  the  reservoir  and  spillway  are 
such  that  prolonged  discharges  oyer  the  spillway  are  very  unlikely.  In 
addition,  geotechnical  considerations  and  evaluations  show  that  an 
unlined  spillway  is  feasible,  as  explained  in  paragraph  2-34  and  in 
Appendix  A. 
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Conclusions 


5-48  Because  of  the  infrequency  of  use,  the  short  duration  of  spillway 
flows,  and  the  similarity  in  terms  of  discharge  and  velocity  with  other 
unlined  spillways  previously  constructed  by  the  Los  Angeles  District,  it 
appears  that  an  unlined  spillway  would  not  pose  an  excessive  risk  of 
loss  of  spillway  control  during  a  single  event.  (It  is  expected, 
however,  that  should  the  spillway  ever  be  used  there  will  be  some 
damages  necessitating  repairs).  In  order  to  further  minimize  the  risk  of 
losing  control  of  spillway  discharges,  two  additional  measures  will  be 
incorporated  into  the  spillway  design.  First,  a  reinforced  concrete 
sill  will  be  constructed  at  the  spillway  crest.  Should  a  headcut  reach 
part  of  the  crest,  the  sill  should  be  structurally  sound  enough  to 
support  an  undercut  section.  It  is  considered  unlikely  that  the  entire 
crest  would  be  undercut.  Second,  the  spillway  crest  will  be  located  as 
far  upstream  as  possible  in  order  to  maximize  the  length  of  the  channel 
downstream  from  the  crest.  A  headcut  would  therefore  take  longer  to 
reach  the  control  section.  During  the  preparation  of  the  Embankment  and 
Spillway  Feature  Design  Memorandum,  additional  studies  will  be  conducted 
to  assess  the  cost  of  additional  erosion  protection  for  the  spillway 
versus  the  cost  of  probable  repairs  required  over  the  life  of  the 
project. 

SPILLWAY  FEATURES 
Crest  Elevation 

5-49  Based  upon  an  economic  analysis,  elevation  2,580.0  feet  NGVD  was 
selected  as  the  spillway  crest  elevation. 

Alignment,  Width  and  Side  Slopes 

5-50  The  alignment  of  the  spillway  centerline  is  shown  on  plate  7.  The 
spillway  base  width  was  determined  to  be  500  feet  based  upon  economic 
analysis.  The  cut  side  slopes  were  determined  to  be  1H  on  2V  with 
benches  based  upon  geotechnical  considerations.  The  overall  slope 
averaged  IV  on  1H. 

Approach  Channel 

Slope 


5-51  The  slope  of  the  approach  channel  to  the  spillway  crest  was  set  at 
-0.025  (adverse).  This  is  based  upon  information  provided  in  reference 
3.  This  reference  is  the  theoretical  basis  for  previous  spillway  slope 
design  in  the  Los  Angeles  District.  An  adverse  grade  of  -0.025  leading 
up  to  the  spillway  crest  is  provided  to  avoid  the  formation  of  waves  on 
the  spillway  crest. 
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Length 


5-52  The  length  of  the  approach  channel  was  set  at  approximately  235 
feet.  This  was  set  so  that  the  ratio  of  head  to  approach  channel  length 
would  be  the  same  in  the  proposed  spillway  as  it  was  in  the  experimental 
models  used  in  reference  3.  This  approach  channel  length  meets  the 
criteria  in  EM  1110-2-1603  (ref.  2).  Paragraph  Ml  of  EM  1110-2-1603 
indicates  that  "any  such  control  structure  or  break  in  grade  should  be 
far  enough  downstream  so  that  the  sideslopes  of  the  cut  are  sufficiently 
high  to  confine  the  flow  at  maximum  reservoir  level  for  design  flow." 

The  sides  of  the  cut  at  the  location  of  the  proposed  spillway  crest 
daylight  at  approximately  elevation  2,800  feet  NGVD,  while  the  maximum 
reservoir  water  surface  is  at  elevation  2,60M.M  feet  NGVD.  Since  2,800 
feet  NGVD  is  much  higher  than  2,60M.U  feet  NGVD,  the  flow  will  therefore 
be  well  confined. 

SPILLWAY  DESIGN 

Approach  Channel  Roughness 

5-53  A  Manning's  roughness  coefficient  of  0.035  was  selected  for  the 
spillway  channel  upstream  from  the  crest.  This  was  based  on  the  average 
value  for  smooth  and  uniform  rock  channels  in  table  IV,  paragraph  19 .a. 
of  EM  1110-2-1603. 

Spillway  Rating  Curve 

5-5M  The  HEC-2  Water  Surface  Profiles  Computer  Program  was  used  to 
compute  the  water  surface  in  the  reservoir  for  a  range  of  spillway 
discharges.  Cross  sections  for  the  HEC-2  model  were  taken  at  intervals 
varying  from  25  to  200  feet  apart,  extending  from  the  spillway  crest  to 
a  point  in  the  reservoir  about  275  feet  past  the  upstream  end  of  the 
spillway  cut.  Critical  depth  was  assumed  for  the  starting  downstream 
water  surface  elevation.  The  spillway  rating  curve  is  displayed  in 
figure  3. 

Design  Discharge 

5-55  A  reservoir  routing  was  performed  based  upon  the  spillway  rating 
curve.  It  was  determined  that  the  spillway  design  flood  would  produce  a 
maximum  water  surface  elevation  of  2604.4  feet  NGVD  and  a  maximum 
discharge  of  174,000  ft^/s. 

Downstream  Channel  Roughness 

5-56  The  Manning's  roughness  coefficients  in  the  spillway  channel 
downstream  from  the  spillway  crest  were  determined  by  a  trial  and  error 
procedure  using  equations  31  and  32  in  paragraph  43. d.  of  EM  1110-2- 
1603.  An  overbreak  (roughness  element  height)  of  0.5  feet  was  assumed 
for  the  channel.  The  resulting  roughness  coefficients  varied  from  0.027 
at  the  spillway  crest  to  0.031  at  the  downstream  end  of  the  spillway  for 
the  design  discharge. 
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Downstream  Channel  Slope 


l 


5-57  General  practice  in  a  channel  downstream  from  a  spillway  crest 
designed  for  critical  depth  control  is  to  set  the  channel  slope  greater 
than  the  critical  slope  in  order  to  maintain  supercritical  flow.  This 
avoids  the  possibility  of  a  backwater  drowning  out  the  control  at  the 
spillway  crest.  Unfortunately,  the  critical  slope  varies  widely  with 
discharge,  especially  when  adjusting  the  roughness  coefficient  in  the 
channel  using  the  equations  mentioned  in  the  previous  paragraph.  It 
would  be  impossible  to  provide  a  supercritical  slope  for  all  discharges. 
For  example,  for  the  design  discharge  of  174,000  ft^/s  the  critical 
slope  is  approximately  0.0044,  but  for  a  discharge  of  3,000  ft^/s  the 
critical  slope  is  about  0.15.  In  order  to  determine  a  reasonable 
compromise  slope,  the  designs  of  existing  similar  rock  cut  spillways  in 
the  Los  Angeles  District  were  reviewed.  There  are  nine  such  spillways 
with  channel  slopes  downstream  from  the  spillway  crests  varying  from 
0.010  to  0.029.  Four  of  the  nine  have  slopes  of  0.020.  A  channel  slope 
of  0.020  was  therefore  selected  as  a  reasonable  compromise.  At  a  slope 
of  0.020  in  the  channel  downstream  from  the  spillway  crest,  discharges 
greater  than  20,000  ft’/s  will  be  in  the  supercritical  flow  regime  and 


control  will  be  at  the  crest.  Only  for  discharges  less  than  20,000 
ft^/s,  which  is  a  small  fraction  of  the  design  discharge  of  174,000 
ft^/s,  will  control  at  the  crest  be  lost. 


Channel  Velocities 


5-58  A  supercritical  HEC-2  model  was  developed  to  estimate  the  water 
surface  profiles  and  flow  velocities  in  the  channel  downstream  from  the 
spillway  crest.  Cross  sections  were  taken  at  intervals  varying  from  25 
to  100  feet.  The  HEC-2  model  developed  for  the  spillway  rating  curves 
was  used  to  estimate  the  design  water  surface  profiles  and  flow 
velocities  upstream  from  the  spillway  crest.  The  flow  velocities  in  the 
spillway  channel  for  the  design  discharge  of  174,000  ft^/s  vary  from 
12.4  feet  per  second  at  the  upstream  end,  to  22.4  ft/s  over  the  crest, 
to  32.3  ft/s  at  the  downstream  end. 


Profiles 


5-59  Refer  to  plate  8  for  profiles  showing  the  proposed  spillway  invert 
slope,  design  water  surface,  energy  grade  line  and  flow  velocities. 


Freeboard 

FREEBOARD  REFERENCE  LEVEL 

5-60  Based  on  paragraph  2c.  of  reference  4.,  the  final  top  of  dam 
elevation  at  Seven  Oaks  Dam  will  be  selected  using  one  of  the  following 
three  criteria: 

a.  Freeboard  Reference  Level  (FRL)  B  plus  3.0  feet.  FRL  B  is  the 
highest  water  surface  elevation  produced  by  routing  the  spillway 
design  flood  (in  this  case  the  PMF)  with  the  starting  water 
surface  elevation  set  at  the  spillway  crest. 
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b.  FRL  B  plus  the  wave  runup  plus  the  wind  setup.  Reference  4. 
refers  (indirectly)  to  EC  It  10-2-27  (ref.  13)  for  further 
guidance.  Paragraph  12f  and  enclosure  5  of  EC  1110-2-27 
indicate  that  the  "significant"  wave  runup  should  be  used. 

c.  FRL  C  plus  5.0  feet.  FRL  C  is  the  highest  water  surface  ele¬ 
vation  produced  by  routing  the  spillway  design  flood  with  the 
starting  water  surface  elevation  set  at  50  percent  of  the  flood 
control  pool. 

Reservoir  routings  were  performed  to  determine  FRL  B  and  FRL  C.  Both 
were  determined  to  be  elevation  2,604.4  feet  NGVD. 

WAVE  RUNUP 

5-6 1  In  order  to  determine  wave  runup,  the  design  significant  wave 
height  must  first  be  determined.  From  reference  4.,  the  method 
presented  in  ETL  1110-2-305  (ref.  5)  was  used  for  this  determination. 

The  procedure  was  applied  as  indicated  in  the  following  paragraphs. 

a.  First,  wind  roses  were  developed  to  obtain  the  maximum  one-hour 
overland  winds  33  feet  above  the  ground,  centered  at  0,  12,  24, 
48,  and  72  hours  after  the  maximum  precipitation. 

b.  Second,  design  fetch  lengths  were  determined  for  the  east,  east- 
northeast,  northeast,  north-northeast,  and  north  directions. 
Figure  V-3  from  the  Phase  I  GDM  Supplement,  Main  Report  was  used 
as  the  basis  for  the  fetch  lengths.  The  design  fetch  length  was 
taken  as  the  arithmetic  average  of  nine  fetches  measured  over  a 
24  degree  sector  centered  around  the  nominal  wind  direction. 

The  fetches  were  measured  from  the  top  of  the  dam  embankment  to 
the  end  of  the  maximum  reservoir  pool.  The  location  on  the  top 
of  the  dam  embankment  from  which  the  fetches  were  measured  was 
located  by  visual  estimate  such  that  the  average  fetch  length 
would  be  maximized. 

c.  Third,  based  upon  examination  of  Plates  B— 1 4  and  C-7  in  the 
Phase  I  GDM  Supplement,  Appendixes,  it  was  determined  that  the 
maximum  reservoir  water  surface  elevation  at  Seven  Oaks  Dam 
occurs  approximately  three  hours  after  the  maximum 
precipitation.  The  maximum  one-hour  overland  wind  centered 
three  hours  after  maximum  precipitation  was  determined  for  each 
fetch  direction  by  plotting  the  maximum  one-hour  overland  winds 
centered  at  0,  12  and  24  hours  after  maximum  precipitation  and 
interpolating  graphically  with  the  aid  of  a  french  curve. 

d.  To  obtain  the  fastest  mile,  and  maximum  2-hour,  3-hour,  4-hour 
and  6-hour  winds  centered  three  hours  after  maximum 
precipitation,  the  maximum  1-hour  wind  was  multiplied  by  1.25, 
0.96,  0.93,  0.91  and  0.88  respectively. 


e.  To  convert  to  overwater  wind  speeds,  all  the  overland  wind 
speeds  were  multiplied  by  1.1.  None  of  the  fetch  lengths  were 
longer  than  10  miles;  therefore,  no  attempt  wa3  made  to  compute 
a  wind  stability  correction  factor  based  upon  air  and  water 
temperatures. 

f.  Figure  4  of  ETL  1110-2-305  was  used  to  plot  fetch  limited  and 
duration  limited  curves  of  wave  height  versus  wind  duration. 

From  the  intersection  of  the  fetch  and  duration  limited  wave 
height  versus  duration  curves  for  each  fetch  direction,  the 
design  deepwater  significant  wave  height  for  each  direction  was 
determined. 

g.  Because  the  duration  of  the  design  deepwater  wave  was  les3  than 
30  minutes  for  all  the  fetches  and  because  most  of  the  fetches 
were  less  than  one  mile  long,  extensive  extrapolation  was 
necessary  when  using  figure  4  of  ETL  1110-2-305.  This  caused 
some  concern  about  the  accuracy  of  the  results. 

h.  In  order  to  check  the  results,  the  method  for  determining 
deepwater  wave  heights  presented  in  the  1984  edition  of  the 
Shore  Protection  Manual  (SPM)  was  used  (ref.  7).  Since  it 
appears  that  Figure  4  in  ETL  1110-2-305  is  based  upon  this 
method,  the  results  should  be  comparable,  and  cross  checking 
results  where  the  methods  overlapped  indicated  that  they  were. 
The  method  presented  in  the  SPM  provides  better  definition  of 
deepwater  wave  heights  for  the  fetch  limited  curves  for  small 
fetches  because  it  is  based  upon  equations  rather  than  a 
nomograph.  The  SPM  method  also  provides  better  definition  of 
deepwater  wave  heights  for  the  duration  limited  curves  for  short 
durations  because  it  extends  to  20  minute  rather  than  30  minute 
durations. 

i.  The  results  of  both  the  ETL  and  the  SPM  methods  indicate  that 
the  design  deepwater  significant  wave  is  3.6  feet  high,  which 
comes  from  the  East  fetch  (1.10  mile3  long)  and  is  produced  by  a 
72  miles  per  hour  (mph)  wind  of  15  minute  duration.  It  has  a 
wave  length  of  40  feet  and  a  period  of  2.8  seconds. 

j.  A  simple  triangular  approximation  of  the  profile  of  the  east 
fetch  indicates  that  96  percent  of  the  fetch  length  has  water 
depths  at  maximum  reservoir  water  surface  elevation  deeper  than 
20  feet.  It  was  therefore  concluded  that  the  predominant  depth 
of  water  was  deeper  than  half  of  the  design  deepwater 
significant  wave  length  and  that  sha’low  water  wave  heights 
would  not  have  to  be  considered. 


k.  Paragraph  2-13  of  EM  1110-2-1614  indicates  that  runup  on  earth 
embankments  armored  with  riprap  can  be  estimated  with  equation 
3  : 

R/Ha  =  1/(0.4+(Hs/Lo)0'5  cot(theta)) 
where: 

R  is  the  wave  runup  above  the  still  water  line 

Hs  is  design  significant  wave  height  (3.6  feet) 

LQ  is  the  design  wave  length  (40.1  feet),  and 

cot (theta)  is  the  horizontal  component  of  a  sideslope  with  a 
unit  vertical  component. 

This  equation  produces  a  wave  runup  of  3.6  feet. 

HHID  SETUP 

5-62  Reference  4,  indicates  that  equation  3-97  in  the  1977  edition  of 
the  SPM  should  be  used  to  determine  the  wind  setup: 

delta  S  =  (CW2F  cos (theta ) )/D 

where: 

delta  S  is  the  wind  setup 

D  is  the  average  depth  of  the  fetch  (252  feet) 

F  is  the  fetch  length  (1.10  miles) 

W  is  the  wind  velocity  (72.3  mph) 

theta  is  the  angle  between  the  wind  and  fetch  (0),  and 
C  is  1.165 

This  equation  produces  a  wind  setup  of  0.03  feet. 

RESULTS 

5-63  The  resulting  top  of  dam  elevations  for  the  various  cases  are  as 
follows: 

a.  FRL  B  +  3.0  feet  is  2,607.4  feet  NGVD. 

b.  FRL  B  ♦  Wave  Runup  +  Wind  Setup  is  2,608.0  feet  NGVD. 

c.  FRL  C  +  5.0  feet  is  2,609.4  feet  NGVD. 

Case  c  governs.  This  value  was  rounded  up  to  2,610  feet  NGVD. 
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Minima  Revetment  Design 


GENERAL 

5-64  The  hydraulic  design  of  the  minimum  protection  for  the  upstream 
side  of  the  dam  embankment  is  generally  based  upon  EM  1110-2-2300 
Cref.  9).  The  guidance  given  in  this  EM,  however,  was  somewhat  modified 
in  accordance  with  instructions  contained  in  reference  4. 

EMBANKMENT  ZONES 

5-65  As  indicated  in  Appendix  C  of  EM  1110-2-2300,  the  upstream  slope 
of  the  proposed  Seven  Oaks  Dam  embankment  was  divided  into  four  zones. 

5-66  The  class  I  zone  extends  from  an  upper  pool  elevation  with  a  10 
percent  chance  of  exceedence  plus  wave  runup,  to  a  lower  pool  elevation 
determined  by  the  drawdown  pool  with  a  10  percent  chance  of  occurrence. 
At  Seven  Oaks  Dam  the  pool  elevation  with  a  10  percent  chance  of 
exceedence  is  elevation  2,367  feet  NGVD.  Wave  runup  (see  paragraph  5-61 
(k)  above  for  the  method  of  computation)  is  4.9  feet.  Rounding  up,  this 
produces  a  top  elevation  for  the  class  I  zone  of  2,372  feet  NGVD.  Since 
Seven  Oaks  dam  will  be  drained  dry  every  year,  the  lower  limit  of  the 
class  I  zone  is  the  embankment  toe  at  elevation  2, 100  feet  NGVD. 

5-67  The  class  II  zone  extends  from  the  uncontrolled  spillway  crest 
plus  wave  runup  down  to  the  class  I  zone.  In  the  case  of  Seven  Oaks  Dam 
the  spillway  crest  is  at  elevation  2,580  feet  NGVD,  and  the  wave  runup 
(see  paragraph  5-61  (k)  above  for  method  of  computation)  is  3.9  feet. 
Rounding  up,  this  gives  a  top  elevation  of  2,584  feet  NGVD  for  the  class 
II  zone. 

5-68  The  class  III  zone  extends  from  the  special  zone  near  the  top  of 
the  dam  to  the  top  of  the  class  II  zone. 

5-69  The  special  zone  is  the  zone  at  the  top  of  the  dam  embankment  that 
protects  the  dam  crest  from  a  spillway  design  flood.  This  zone  was 
assumed  to  extend  from  the  top  of  the  dam  to  the  maximum  reservoir  water 
surface  during  the  spillway  design  flood  minus  the  coincident  wave 
height.  The  top  of  dam  is  at  elevation  2,610  feet  NGVD.  The  maximum 
reservoir  water  surface  during  the  spillway  design  flood  is  elevation 
2,604.4  feet  NGVD.  The  significant  wave  height  coincident  with  the 
maximum  reservoir  water  surface  was  determined  to  be  3.6  feet  as 
explained  in  paragraph  5-61  (i)  above.  The  special  zone  was  therefore 
established  to  extend  from  2,610  to  2,600  feet  NGVD  (the  lower  elevation 
was  rounded  down  from  2,600.5  feet  NGVD). 

DESIGN  PARAMETERS 

Design  Wind 

5-70  EM  1110-2-2300  indicates  that  the  design  wind  for  class  I  design 
should  be  the  1  percent  chance,  or  100-year,  wind.  A  wind  rose  of  the 
100-year  maximum  one-hour  overland  winds  at  the  Seven  Oaks  Dam  site  was 
used  to  obtain  the  100-year  maximum  one-hour  overland  wind  at  the  Seven 
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Oaks  Dam  site.  The  wind  rose  was  developed  from  hydrometeorological 
analysis  of  historical  wind  data  at  nearby  Norton  Air  Force  Base,  with 
allowance  made  for  differences  in  site  conditions  at  Seven  Oaks  Dam. 

5-71  EM  1110-2-2300  indicates  that  the  design  wind  for  class  II  design 
should  be  the  50  percent  chance  or  the  2-year  wind.  A  wind  rose  was 
used  to  obtain  the  2-year  maximum  one-hour  overland  wind  at  the  Seven 
Oaks  Dam  site. 

Effective  Fetch 

5-72  EM  IIIO-2-23OO  recommends  that  the  procedure  outlined  in  Figure  10 
of  ETL  1110-2-221  (ref.  10)  be  used  for  computing  the  effective  fetch. 
Reference  4.,  however,  indicates  that  the  procedure  outlined  in  ETL 
1110-2-305  (ref.  5)  should  be  used.  The  method  in  ETL  1110-2-305  was 
used,  and  is  described  below. 

5-73  EM  1110-2-2300  indicates  that  the  fetch  to  be  used  for  class  I 
design  is  the  effective  fetch  for  a  pool  with  a  10  percent  chance  of 
exceedence.  Design  fetch  lengths  were  determined  for  the  East,  East- 
northeast,  Northeast,  North-northeast  and  North  directions.  Figure  V-3 
from  the  Phase  I  GDM  Supplement,  Main  Report  (ref.  16)  was  used  as  the 
basis  for  the  fetch  lengths.  As  indicated  in  ETL  1110-2-305,  the  design 
fetch  length  was  taken  as  the  arithmetic  average  of  nine  fetches 
measured  over  a  24  degree  sector  centered  around  the  nominal  wind 
direction.  The  fetches  were  measured  from  the  top  of  the  dam  embankment 
to  the  end  of  the  maximum  reservoir  pool.  The  location  on  the  top  of 
the  dam  embankment  from  which  the  fetches  were  measured  was  located  by 
visual  estimate  so  that  the  average  fetch  length  would  be  maximized. 

5-74  EM  1110-2-2300  indicates  that  the  fetch  to  be  used  for  class  II 
design  is  the  effective  fetch  for  a  pool  at  spillway  crest.  This  was 
assumed  to  be  approximately  equal  to  the  maximum  reservoir  water  surface 
elevation. 

Design  Have 

5-75  EM  1110-2-2300  indicates  that  the  procedure  outlined  on  Figure  11 
of  ETL  1110-2-221  should  be  used  for  determining  significant  wave 
height.  Reference  4,  however,  indicates  that  the  procedure  in  ETL 
1110-2-305  should  be  U3ed.  The  method  in  ETL  1110-2-305  was  used  and  is 
described  in  detail  in  paragraphs  5-77  to  5-81  below. 

5-76  EM  1 1 10-2-2 300  indicates  that  the  slope  protection  provided  at  the 
near  cre3t  elevations  must  be  stable  for  the  design  wave  used  to 
establish  the  top  of  dam  elevation.  In  the  case  o?  Seven  Oaks  Dam,  the 
design  wave  height  did  not  govern  the  top  of  dam  elevation.  It  was 
therefore  determined  that  the  more  conservative  of  either  the  coincident 
wave  for  the  maximum  reservoir  water  surface,  or  the  wave  used  in  the 
class  II  design  would  be  used.  The  wave  height  for  the  class  II  design 
turned  out  to  be  more  conservative. 
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Significant  Wave  Height 

5-77  The  fastest  mile,  maximum  two-hour,  three-hour,  four-hour  and  six- 
hour  winds  for  the  100  and  2-year  winds  were  obtained  by  multiplying  the 
maximum  one-hour  overland  wind  obtained  from  the  wind  roses  by  1.25, 
0.96,  0.93,  0.91  and  0.88  respectively. 

5-78  To  convert  to  overwater  wind  speeds,  all  the  overland  wind  speeds 
were  multiplied  by  1.1.  None  of  the  fetch  lengths  were  longer  than  10 
miles,  so  no  attempt  was  made  to  compute  a  wind  stability  correction 
factor  based  upon  air  and  water  temperatures. 

5-79  For  the  same  reasons  discussed  in  paragraph  5-61  (h)  above  the 
Shore  Protection  Manual  (ref.  7)  was  used  instead  of  ETL  1110-2-305  to 
determine  the  deepwater  significant  wave  heights. 

5-80  The  results  indicate  that  the  class  I  design  deepwater  significant 
wave  is  5*3  feet  high,  comes  from  the  east-northeast  fetch  (0.76  miles 
long),  is  produced  by  a  115  mph  wind  of  12  minute  duration,  and  has  a 
wave  length  of  46  feet  and  a  period  of  3.0  seconds.  The  class  II  design 
deepwater  significant  wave  is  3.9  feet  high,  comes  from  the  east- 
northeast  fetch  (1.08  miles  long),  is  produced  by  a  78  mph  wind  of  15 
minute  duration,  and  has  a  wave  length  of  42  feet  and  a  period  of  2.9 
seconds. 

5-81  By  inspection,  it  is  obvious  for  both  class  I  and  class  II  designs 
that  most  of  the  fetch  length  has  water  depths  deeper  than  21-23  feet. 

It  was  therefore  concluded  that  the  predominant  depth  of  water  was 
deeper  than  half  of  the  design  deepwater  significant  wave  length  and 
that  shallow  water  wave  heights  would  not  have  to  be  considered. 

Have  Runup 

5-82  Refer  to  paragraph  5-61  (k)  above  for  a  discussion  of  the  method 
for  computing  wave  runup.  The  wave  runup  was  determined  to  be  4.9  feet 
for  the  class  I  design,  and  3.9  feet  for  the  class  II  design. 

LATER  THICKNESS  AND  STGNE  SIZE 

Design  Procedure 

5-83  Appendix  C  of  EM  1110-2-2300  indicates  that  the  following 
equations  should  be  used  for  determining  layer  thickness  and  stone  size. 

gammaHg^ 

4.37  cot(alpha)(G-1)3 


u  -  4u 

"max  ^"a 

W  - 

"min  "-jp 
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T  =  20  (Wa/gamma)  ^ 
where : 

Wa  s  weight  of  the  median  sized  stone  (lbs) 

wmax  =  weight  of  the  maximum  sized  stone  (lbs) 

Wmin  =  weight  of  the  minimum  sized  stone  (lbs) 

T  x  thickness  of  the  riprap  layer  (inches) 

gamma  =  unit  weight  of  the  stone  (lbs/ft3) 

H  =  significant  wave  height  (ft) 

alpha  =  slope  angle  from  the  horizontal  (degrees) 

G  =  specific  gravity  of  the  stone  material 

5-84  Assuming  spherical  stone,  the  following  equation  from  paragraph 
I4d  of  EM  1110-2-1601  (ref.  17.)  was  used  to  estimate  stone  diameters: 

D  =  (6W/pi»gamma)  ^3 

where  D  =  stone  diameter 

Results 

5-85  The  results  indicate  that  the  class  I  zone  will  require  a  31 -inch 
layer  of  riprap  with  maximum,  median  and  minimum  stone  diameters  of  36, 
23  and  12  inches,  respectively.  Since  the  layer  thickness  cannot  be 
less  than  the  maximum  rock  size  (guidance  in  EM  1110-2-1601),  the 
minimum  required  layer  thickness  is  36  inches. 

5-86  The  results  indicate  that  the  class  II  zone  will  require  a  23-inch 
layer  of  riprap  with  maximum,  median  and  minimum  stone  diameters  of  27, 
17  and  9  inches,  respectively.  For  the  reasons  discussed  above,  the 
minimum  required  layer  thickness  is  27  inches. 

5-87  According  to  EM  1110-2-2300,  the  Class  III  zone  requires  no 
riprap . 

5-88  As  indicated  in  paragraph  5-76  above,  the  class  II  design  wave  was 
used  for  the  special  zone  riprap  design.  Since  the  class  II  design  was 
performed  using  the  fetches  for  the  maximum  reservoir  water  surface,  all 
the  design  parameters  for  the  special  zone  riprap  design  are  the  same  as 
those  for  the  class  II  design.  The  riprap  for  the  special  zone, 
therefore,  has  the  same  layer  thickness  and  stone  size  as  in  the 
class  II  zone. 

5-89  The  results  discussed  above  pertain  only  to  the  hydraulic  design 
of  the  minimum  revetment  required  to  protect  the  upstream  side  of  the 
dam  embankment.  However,  because  of  geotechnical  considerations,  the 
actual  rock  layer  covering  the  upstream  side  of  the  embankment  will  be 
considerably  thicker  than  the  minimum  thickness  based  on  hydraulic 
criteria.  Further  discussion  is  provided  in  Appendix  A,  Geotechnical. 
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Diversion  of  Hater  During  Construction 
for  Opstrean  Control  Alternative 

5-90  The  hydraulic  design  of  the  diversion  of  water  during  construction 
for  the  upstream  control  alternative  was  based  on  the  same  criteria  and 
procedures  used  for  the  downstream  control  alternative,  as  discussed  in 
detail  in  paragraphs  5-91*  through  5-101  .below.  A  complete  description 
of  the  diversion  plan  is  provided  in  Section  XIII,  Diversion  and  Control 
of  Water  During  Construction.  Basically,  all  diversion  of  flows  will 
take  place  through  the  outlet  works  tunnel,  which  will  be  an  18-foot 
diameter,  inverted  horseshoe.  An  elevation-discharge  rating  curve  for 
this  tunnel  was  developed  considering  both  inlet  and  outlet  control. 

The  curve  was  developed  assuming  a  26-foot  diameter,  semi-circular 
conduit,  which  was  the  configuration  under  consideration  at  the  time  the 
analysis  was  prepared.  The  two  configurations  are  hydraulically 
equivalent.  The  rating  curve  is  displayed  in  figure  11.  Using  this 
curve ,  various  frequency  floods  were  routed  through  the  reservoir  to 
determine  the  corresponding  maximum  pool  elevation.  The  results  of  the 
routings  were  used  to  prepare  the  curve  of  level  of  protection  versus 
cofferdam  height  shown  in  figure  12.  From  this  curve,  a  50-foot  high 
cofferdam  will  provide  an  18-year  level  of  protection. 


Diversion  of  Hater  During  Construction 
for  Downstream  Control  Alternative 


OHHKBAI. 

5-91  Four  different  methods  of  diversion  will  be  employed  at  the  Seven 
Oaks  Dam  construction  site  in  five  phases.  Initially,  a  50-foot-high 
cofferdam  spanning  the  upper  Santa  Ana  canyon  in  combination  with  a 
concrete  lined  diversion  tunnel  will  be  used.  This  will  protect  the 
main  embankment  foundation  excavation  and  the  early  stages  of  the  main 
embankment  fill. 

5-92  Eventually  the  main  embankment  fill  will  rise  above  and 
incorporate  the  original  50-foot-high  cofferdam.  When  the  embankment 
has  reached  the  desired  height  above  streambed,  a  steel  penstock  will  be 
laid  within  the  original  concrete  lined  diversion  tunnel.  This 
construction  will  take  place  during  the  dry  season  when  flood  events  are 
much  less  frequent.  At  this  time  the  diversion  will  be  carried  out  by 
bulkheading  off  the  concrete  diversion  tunnel  and  diverting  into  two 
steel  conduits.  These  steel  conduits  will  be  buried  below  the  invert  of 
the  concrete  diversion  tunnel  when  it  is  originally  constructed  and 
eventually  will  become  the  low  flow  by-pass  and  the  minimum  discharge 
line.  Also  refer  to  outlet  works,  downstream  control  alternative, 
discussion  in  Appendix  B. 

5-93  After  a  single  dry  season,  the  steel  penstock  will  be  complete. 

The  bulkhead  at  the  inlet  to  the  diversion  tunnel  (now  the  inlet  to  the 
steel  penstock)  will  be  removed  and  the  wet  season  diversion  will  take 
place  through  the  steel  penstock. 
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5-94  When  the  next  dry  season  arrives,  a  bulkhead  will  be  placed  at  the 
inlet  to  the  steel  penstock  and  diversion  again  will  take  place  through 
the  steel  pipes  buried  below  the  invert  of  the  former  diversion  tunnel. 
At  this  time  the  construction  of  the  downstream  gate  facilities  will 
take  place. 

5-95  After  another  single  dry  season  the  outlet  works  will  be  complete 
and  the  bulkhead  on  the  inlet  will  be  removed.  Any  further  diversion 
that  is  required  will  be  performed  by  operating  the  gates.  A  complete 
discussion  of  the  diversion  of  water  during  construction  is  provided  in 
Section  XIII. 

DIVERSION  TUNNEL 

5-96  The  diversion  tunnel  will  consist  of  a  concrete  lined  conduit  with 
a  total  length  of  approximately  1,680  feet.  At  the  upstream  end  the 
tunnel  will  have  a  bell-mouthed  entrance  on  the  sides  and  top.  The 
tunnel  cross  section  at  the  entrance  will  be  horseshoe  shaped  with  a 
height  and  width  of  18  feet.  The  concrete  lining  will  have  a  high 
velocity  finish. 

Elevation-Discharge  Rating  Curve 

Inlet  Control  Analysis 

5-97  Critical  Depth  was  assumed  to  analyze  inlet  control  for  depths 
less  than  0.8  times  the  intake  height,  (i.e.:  (.8) (18)  =  14.4  feet). 

The  orifice  equation  was  used  to  analyze  inlet  control  for  depths 
greater  than  1.2  times  the  intake  height,  (i.e.:  (1.2)08)  =  21.6  feet). 
An  orifice  coefficient  of  0.95  was  assumed.  For  depths  between  0.8  and 
1.2  times  the  intake  height,  a  curve  was  interpolated  between  the  above 
curves . 

Outlet  Control  Analysis 

5-98  The  intake  loss  was  assumed  to  be  0.06  times  the  velocity  head  in 
the  tunnel  just  downstream  from  the  entrance.  Friction  losses  in  the 
conduit  were  estimated  using  the  Darcy -Weisbach  equation.  An  absolute 
roughness  of  0.002  feet  was  selected  based  upon  paragraph  D-3  of  EM 
1110-2-1602.  The  Colebrook-White  equation  was  used  to  obtain  the  Darcy- 
Weisbach  friction  factor. 

Results 


5-99  The  resulting  rating  curves  indicated  that  inlet  control  governs 
up  to  a  reservoir  water  surface  elevation  of  approximately  2,160  feet 
NGVD.  For  elevations  above  this,  outlet  control  governs.  See  figure  4 
for  the  Elevation  versus  Discharge  rating  curve. 
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Elevation-Level  of  Protection  Rating  Curve 

Reservoir  Routings 

5-100  Reservoir  routings  were  performed  and  maximum  reservoir  water 
surfaces  were  computed  for  the  2,  5,  10,  15,  20,  25,  50  and  100  year 
flood  hydrographs.  The  results  were  used  to  plot  curves  of  level  of 
protection  versus  cofferdam  height. 

Results 

5-101  The  results  indicate  that  for  a  50-foot-high  cofferdam  there  will 
be  an  18-year  level  of  protection  to  the  embankment  foundation 
excavation.  See  figure  5  for  the  entire  Elevation  versus  Level  of 
Protection  Rating  Curve. 

STEEL  PIPES 

5-102  There  will  be  two  steel  pipes  laid  beneath  the  invert  of  the 
concrete  lined  diversion  tunnel.  One  will  have  an  inside  diameter  of 
3' -3"  and  the  other  will  have  an  inside  diameter  of  3' -6".  For  purposes 
of  estimating  the  capacity  of  the  two  pipes,  they  were  assumed  to  be 
identical  except  for  their  diameters.  Each  was  assumed  to  be  a 
continuous  steel  pipe  with  no  coating  and  with  an  approximate  length  of 
1,730  feet.  At  the  upstream  end  a  full  bell-mouthed  entrance  was 
assumed  for  each.  Each  pipe  was  assumed  to  have  one  48  degree  bend  near 
the  upstream  end  and  one  14  degree  bend  near  the  downstream  end.  At  the 
downstream  end  each  pipe  was  assumed  to  transition  to  a  rectangular 
passage  (2*  x  3')  with  two  sets  of  gate  slots. 

Elevation-Discharge  Rating  Curve 

Energy  Losses 

5-103  The  intake  loss  for  the  3* -3"  and  3' -6”  pipes  was  assumed  to  be 
0.12  times  the  velocity  head  in  the  tunnel  just  downstream  from  the 
entrance.  King’s  Handbook  (ref.  18)  recommends  values  varying  from  0.04 
to  0.20.  The  average  was  selected.  Bend  losses  were  estimated  using 
Plate  C-10  of  EM  1110-2-1602.  The  transition  loss  was  estimated  as 
follows.  King's  Handbook  indicates  that  for  a  sudden  contraction 
between  the  3' -3"  pipe  and  the  2'  x  3'  passage,  the  loss  varies  from 
0.07  to  0.11  times  the  velocity  head  in  the  upstream  conduit.  The  loss 
wa3  assumed  to  be  half  of  the  greater  value:  .11/2  =  0.06.  The 
reasoning  is  that  the  loss  would  be  somewhere  between  sudden  and 
negligible  and  that  using  the  value  at  the  upper  end  of  the  range  of 
losses  would  be  conservative.  The  same  loss  was  assumed  in  the  3' -6" 
pipe.  The  losses  through  the  gate  slots  were  assumed  to  be  0.01  times 
the  velocity  head  through  each  of  the  two  slots.  This  is  based  upon 
paragraph  3-13  of  EM  1110-2-.6Q2.  Friction  losses  in  the  conduit  were 
estimated  using  the  Darcy -We is bach  equation.  An  absolute  roughness  of 
0.0006  feet  was  selected  based  upon  paragraph  2-12  g.(2)(a)  of  EM  1110- 
2-1602.  The  Colebrook-White  equation  was  used  to  obtain  the  Darcy - 
Weisbach  friction  factor. 
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Results 


5-104  See  figures  6  and  7  for  the  Elevation  versus  Discharge  rating 
curves. 

Elevation-Level  of  Protection  Rating  Curve 

Reservoir  Routings 

5-105  Reservoir  routings  were  performed  and  maximum  reservoir  water 
surfaces  were  computed  for  the  2-,  5-,  10-,  20-,  and  100-year  summer 
flood  hydrographs.  The  results  were  used  to  plot  a  curve  of  level  of 
protection  versus  cofferdam  height. 

Results 


5-106  See  figure  8  for  the  resulting  Elevation  versus  Level  of 
Protection  Curve. 

STEEL  PENSTOCK 

5-107  The  steel  penstock  consists  of  a  continuous  unlined  steel  pipe 
with  an  inside  diameter  of  11  feet.  The  length  was  assumed  to  be 
approximately  1,580  feet.  At  the  upstream  end,  the  inlet  has  a  full 
bell-mouthed  entrance. 

Elevation-Discharge  Rating  Curve 

Inlet  Control  Analysis 

5-108  Critical  Depth  was  assumed  for  analysis  of  inlet  control  for 
depths  less  than  0.8  times  the  intake  height,  i.e.:  (.8)01)  =  8.8 
feet.  The  orifice  equation  was  used  to  analyze  inlet  control  for  depths 
greater  than  1.2  times  the  intake  height,  i.e.:  (1.2)00  =  13.2  feet. 

An  orifice  coefficient  of  0.95  was  assumed.  For  depths  between  0.8  and 
1.2  times  the  intake  height,  a  curve  was  interpolated  between  the  above 
curves . 

Outlet  Control  Analysis 

5-109  The  intake  loss  was  assumed  to  be  0.06  times  the  velocity  head  in 
the  tunnel  just  downstream  from  the  entrance.  Friction  losses  in  the 
conduit  were  estimated  using  the  Darcy-Weisbach  equation.  An  absolute 
roughness  of  0.0006  feet  was  selected  based  upon  paragraph  2-12.g. (2) (a) 
of  EM  1110-2-1602.  The  Colebrook-White  equation  was  used  to  obtain  the 
Darcy-Weisbach  friction  factor. 
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Results 


5-110  The  resulting  rating  curves  indicated  that  inlet  control  governs 
up  to  a  reservoir  water  surface  elevation  of  approximately  2,128  feet 
NGVD.  For  elevations  above  this,  outlet  control  governs.  See  figure  9 
for  the  Elevation  versus  Discharge  rating  curve. 

Elevation-Level  of  Protection  Rating  Curve 

Reservoir  Routings 

5-111  Reservoir  routings  were  performed  and  maximum  reservoir  water 
surfaces  were  computed  for  the  2,  5,  10,  15,  20,  25,  50  and  100  year 
flood  hydrographs.  The  results  were  used  to  plot  curves  of  level  of 
protection  versus  cofferdam  height. 


Results 


5-112  See  figure  10  for  the  entire  Elevation  versus  Level  of  Protection 
Rating  Curve. 


Diversion  of  Water  During  Construction 
for  Mid -Tunnel  Control  Alternative 

5-113  The  regulating  outlet  tunnel  for  the  mid-tunnel  control 
alternative  would  be  used  for  diversion  of  water  during  construction  and 
would  have  the  same  configuration  as  for  the  downstream  control 
alternative  before  placement  of  the  steel  penstock.  For  both 
alternatives,  the  tunnel  would  consist  of  a  18-foot  diameter  horseshoe 
section.  There  would  be  some  difference  in  the  transitions  upstream  and 
downstream  of  the  gates,  but  the  energy  loss  through  the  transitions  for 
downstream  control  was  found  to  be  negligible.  As  a  result,  the  curve 
of  level  of  protection  versus  cofferdam  height  for  downstream  control 
(fig.  5)  is  also  applicable  for  mid-tunnel  control.  A  complete 
discussion  of  the  diversion  plan  for  the  mid-tunnel  control  alternative 
is  presented  in  Section  XIII. 

MAIN  COFFERDAM 

5-114  The  optimum  main  cofferdam  height  was  determined  to  be  50  feet, 
based  upon  minimizing  the  risk  of  flooding  to  downstream  interests 
during  the  initial  phases  of  dam  construction.  See  Appendix  E,  Seven 
Oaks  Dam  Inundation  Study,  for  a  complete  description  of  the 
determination  of  the  main  cofferdam  height. 
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G0V8WMBNT  CAMION 


5-115  The  confluence  of  Government  Canyon  with  the  Santa  Ana  River 
occurs  within  the  foundation  excavation  area  downstream  from  the  main 
cofferdam.  Flows  from  Government  Canyon  must  therefore  also  be  diverted 
from  inundating  the  foundation  excavation.  It  was  decided  that  a 
25-year  level  of  protection  would  be  the  minimum  desireable  and  that  the 
cofferdam  should  not  exceed  50  feet  in  height. 

Alternatives 

Cofferdam  and  Pipeline 

5-116  General.  Two  alternative  cofferdam  and  outlet  pipe  alternatives 
were  analyzed.  Both  alternatives  featured  a  cofferdam  on  Government 
Canyon,  and  a  2,310-foot-long  corrugated  metal  outlet  pipe  draining 
through  the  cofferdam  embankment  to  a  location  just  downstream  from  the 
proposed  main  embankment  foundation  excavation.  In  one  alternative  the 
pipe  was  3  feet  in  diameter,  and  in  the  other  it  was  5  feet  in  diameter. 
Both  pipes  had  approximately  seventeen  bends.  Deflection  angles  in  the 
bends  varied  from  2  to  141  degrees -  A  projecting  entrance  was  assumed 
for  the  pipes.  Outlet  control  was  assumed  for  both  pipes. 

5-117  Energy  Losses.  An  entrance  loss  coefficient  of  0.90  times  the 
velocity  head  in  the  pipe  was  assumed  based  on  a  value  recommended  in 
King's  Handbook  (ref.  18)  for  projecting  entrances.  Friction  losses 
were  determined  using  plate  C-7  in  EM  1110-2-1602  (ref.  19).  A  90 
degree  helix  was  assumed  for  the  corrugated  metal  pipes.  This  method 
resulted  in  a  Darcy -Weisbach  f  value  of  0.064  for  the  5-foot  diameter 
pipe,  and  a  value  of  0.079  for  the  3-foot  diameter  pipe.  Bend  losses 
were  determined  using  plate  C-10  in  EM  1110-2-1602.  It  was  assumed  that 
all  bends  would  be  mitered.  This  resulted  in  a  total  loss  coefficient 
for  all  bends  of  4.52  times  the  velocity  head  in  the  pipe. 

5-118  Rating  Curves.  Using  the  above  determined  loss  coefficients, 
rating  curves  were  developed  for  both  pipes.  When  a  50-foot-high 
cofferdam  would  be  full  of  water,  the  3-foot  pipe  would  have  a  discharge 
capacity  of  76  ft -Vs,  and  the  5-foot  pipe  would  have  a  discharge 
capacity  of  287  ft^/s. 

5-119  Routings.  Upon  routing  the  25-year  flood  it  was  determined  that 
with  a  50-foot-high  cofferdam,  neither  of  the  two  pipeline  alternatives 
could  provide  a  25-year  level  of  protection  (the  25-year  flood  from 
Government  Canyon  has  a  peak  discharge  of  700  ft^/s). 

Cofferdam  and  Drainage  Channel 

5-120  General.  This  alternative  consists  of  a  cofferdam  on  Government 
Canyon  upstream  from  the  main  embankment  foundation  excavation,  and  a 
drainage  channel  excavated  between  Government  Canyon  and  the  Santa  Ana 
River  just  upstream  of  the  Government  Canyon  cofferdam.  This  would 
connect  the  two  drainage  areas,  and  flows  from  Government  Canyon  would 
also  drain  through  the  outlet  works  diversion  tunnel  in  the  left 
abutment  (pi.  23). 
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5-121  Analysis.  As  a  first  trial,  it  was  assumed  that  the  minimum 
constructable  drainage  channel  would  have  a  base  width  of  10  feet.  The 
proposed  channel  is  assumed  to  have  cut  slopes  of  2V  on  1H,  and  is 
approximately  700  feet  long.  The  channel  is  cut  from  the  invert  of 
Government  Canyon  to  the  invert  of  the  Santa  Ana  River,  which  results  in 
a  slope  of  0.053M.  By  checking  normal  and  critical  depth  in  both  the 
drainage  channel  and  Government  Canyon  upstream  from  the  cofferdam  it 
was  determined  that  both  would  flow  in  the  super-critical  regime  (a 
Manning's  roughness  coefficient  of  0.035  was  used  for  both).  It  was 
assumed  that  a  pool  would  form  behind  the  cofferdam  and  that  flows 
coming  down  Government  Canyon  would  pass  through  a  hydraulic  jump  when 
entering  the  pool.  It  was  further  assumed  that  flows  draining  out  of 
the  pool  through  the  drainage  channel  would  pass  through  critical  depth 
at  some  point  in  the  channel  near  the  upstream  end  (i.e.  so  that 
friction  losses  between  this  point  and  the  pool  would  be  minimal).  The 
pool  elevation  for  a  discharge  of  700  ft-vs  was  determined  by  computing 
critical  depth  in  the  drainage  channel,  and  adding  the  velocity  head  to 
it.  It  was  further  assumed  that  conditions  in  the  pool  would  be  rather 
turbulent.  The  height  of  waves  forming  in  the  pool  was  assumed  to  be 
equal  to  the  height  of  the  hydraulic  jump  which  would  occur  when  flows 
from  Government  Canyon  enter  the  pool.  The  wave  runup  on  the  cofferdam 
embankment  was  assumed  to  be  the  same  as  the  wave  height.  The  resulting 
necessary  cofferdam  height  was  22.29  feet.  A  50-foot-high  cofferdam  in 
conjunction  with  the  proposed  drainage  channel  would  therefore  provide 
better  than  the  25-year  level  of  protection.  On  the  possibility  that  a 
pool  would  not  form  behind  the  cofferdam,  an  additional  check  was 
performed.  In  this  case  flows  from  Government  Canyon  would  impact 
directly  against  the  cofferdam.  The  maximum  runup  on  the  cofferdam  such 
flows  would  reach  was  estimated  by  computing  the  energy  grade  line 
assuming  normal  depth  for  700  ft^/s.  It  was  determined  that  for  this 
case  the  cofferdam  would  have  to  be  13-63  feet  high. 

Selected  Design 

5-122  The  selected  plan  for  protecting  the  main  embankment  foundation 
excavation  is  a  cofferdam  at  least  23  feet  high  in  Government  Canyon  in 
conjunction  with  a  drainage  channel  through  the  Government  Canyon  Ridge. 
As  discussed  in  Section  XIII,  the  cofferdam  height  for  Government  Canyon 
was  set  at  50  feet.  Also,  for  ease  of  construction,  the  base  width  of 
the  proposed  drainage  channel  was  increased  from  10  feet  to  30  feet,  and 
the  side  slopes  were  flattened  to  IV  on  1H  with  benches.  The  invert 
slope  will  remain  at  approximately  0.05.  The  revised  channel  design 
will  provide  a  greater  capacity  than  the  capacity  based  on  the  original 
design,  which  was  more  than  adequate.  Consequently,  no  further 
hydraulic  analysis  or  design  was  required  for  the  larger  drainage 
channel.  See  plate  23  for  the  locations  of  these  features. 
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Downstream  Floodplain 


FLOODWAX  ESTIMATES 
General 

5-123  The  delineation  of  a  100-year  post-project  floodway  on  the  Santa' 
Ana  River  between  Prado  Dam  and  the  Seven  Oaks  damsite  is  a  project 
feature  of  the  Santa  Ana  River  project  associated  with  the  proposed 
Seven  Oaks  Dam.  The  delineation  of  pre-  and  post-project  floodways  is 
also  required  for  environmental  analysis  of  the  proposed  project.  For 
the  Phase  II  General  Design  Memorandum,  however,  it  was  not  possible  to 
accurately  delineate  the  floodways  due  to  a  lack  of  adequate  topographic 
mapping.  Instead,  estimates  of  the  floodways  were  made  using  the  best 
available  mapping;  the  estimates  are  adequate  for  the  purposes  of 
environmental  evaluation  and  project  cost  estimation.  A  final  detailed 
post-project  floodway  and  100-year  floodplain  will  be  delineated  and 
documented  in  a  Feature  Design  Memorandum. 

5-124  The  Santa  Ana  River  between  Prado  Dam  and  the  proposed  Seven  Oaks 
damsite  was  divided  into  three  distinct  reaches,  which  were  analyzed 
separately.  The  first  reach  extends  from  Prado  Dam  to  the  downstream 
end  of  the  Lytle-Warm  Creek  confluence  with  the  Santa  Ana  River.  The 
second  reach  is  the  Lytle-Warm  Creek  confluence,  and  the  third  reach 
extends  from  the  upstream  end  of  the  Lytle-Warm  Creek  confluence  to  the 
Seven  Oaks  damsite. 

Prado  Dam  to  Lytle-Vam  Creek  Confluence 

Reach  Description 


5-125  This  reach  extends  from  River  Road  (at  the  upstream  end  of  the 
Prado  Dam  Flood  Control  Basin)  to  1,000  feet  downstream  of  the 
Mt.  Vernon  Avenue  Bridge  (the  downstream  end  of  the  Corps’  Lytle-Warm 
Creek  Project).  This  reach  is  about  21  miles  long  and  the  channel 
bottom  throughout  the  reach  is  generally  sandy  with  some  finer  and 
coarser  material  present.  The  channel  slopes  range  from  about  0.003  to 
0.006  with  an  average  of  0.004.  Levees  exist  on  both  banks  from 
downstream  from  Mission  Blvd.  to  Crestmore  Road.  There  is  a  single 
levee  on  the  south  bank  from  Crestmore  Road  to  Riverside  Avenue.  The 
channel  width  in  the  study  reach  varies  from  20  to  1,000  feet.  Through 
Riverside  Narrows,  the  low  flow  channel  winds  back  and  forth  between 
canyon  slopes  with  the  overall  river  channel  usually  staying  150-feet  in 
width  or  less. 

Hydrology 

5-126  The  following  100-year  present  condition  discharges  (ftVs)  were 
used: 


Location 


w/o  project 


w/  project 


At  E  Street  105,000  67,000 

At  Riverside  Narrows  175,000  130,000 
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Method  of  Analysis 


5-127  The  HEC-2  "Water  Surface  Profiles"  computer  program  wa3  used  to 
compute  the  with-  and  without-project  floodways  for  this  reach.  Both 
analyses  included  the  development  of  (1)  the  natural,  100-year  flood 
event  water  surface  profile,  and  (2)  an  "encroached"  profile.  The  flood 
boundaries  of  the  natural  profile  were  encroached  until  a  one  foot  rise 
in  the  water  surface  was  produced  to  create  the  second  or  "encroached" 
profile.  In  the  cases  where  less  than  a  one  foot  rise  was  achieved  by 
the  encroachments,  the  encroachment  stations  were  moved  right  up  to,  but 
not  allowed  within,  the  channel  bank  stations.  The  bank  stations  were 
assumed  to  be  the  low  flow  channel  banks  of  the  river  as  indicated  by 
the  stippled  area  on  USGS  topographic  quadrangle  sheets.  During  initial 
trial  encroachments,  at  some  cross  sections  the  rise  in  the  encroached 
water  surface  elevation  tended  to  be  greater  than  one  foot  due  to  the 
backwater  effect  of  downstream  encroachments.  This  sometimes  occurred 
even  when  there  was  no  encroachment  applied  to  that  particular  cross 
section.  It  was  determined  that  the  maximum  increase  in  water  surface 
elevation  due  to  encroachment  should  be  1.5  feet.  In  order  to  limit  the 
increase  in  water  surface  to  this  amount,  downstream  encroachments 
sometimes  had  to  be  "eased  off."  As  a  result  of  this,  in  several  cross- 
section  locations,  encroachment  on  the  natural  floodway  yielded  much 
less  than  one  foot  of  rise  in  the  water  surface  elevation. 

Cross  Sections 

5-128  The  geometry  of  the  cros3  sections  for  this  reach  required  by  the 
HEC-2  computer  model  was  determined  from  USGS  topographic  quadrangle 
sheets.  The  distance  between  cross  sections  normally  varied  between 
1,000  and  3,000  feet.  The  channel  bank  stations  were  taken  to  be  the 
low  flow  channel  boundaries  on  the  USGS  maps.  The  low  flow  river 
channels  on  these  maps  are  indicated  by  a  stippled  area. 

Bridges 

5-129  Twelve  bridges  were  located  in  this  study  reach.  One  bridge, 
River  Road  Bridge,  is  located  in  Prado  Basin  and  was  assumed  to  wash  out 
or  have  a  negligible  impact  upon  the  100-year  flow,  so  it  was  not 
modeled.  This  assumption  is  based  on  water  surface  elevation  informa¬ 
tion  found  in  the  flood  insurance  reports  for  Riverside  County. 
Previously  existing  bridge  models  for  seven  bridges:  Hamner  Avenue, 
Crestmore  Road,  Riverside  Avenue,  8th  Street,  the  Atchison  Topeka,  and 
Santa  Fe  (AT  &  SF)  Railroad,  the  Southern  Pacific  (SP)  Railroad,  and 
Mt.  Vernon  Avenue  were  taken  from  HEC-2  models  developed  outside  the 
Corps.  These  models  were  substituted  into  the  HEC-2  model  without 
changes  or  any  checks  for  accuracy,  since  no  plans  for  these  bridges 
were  available.  Three  of  the  four  remaining  bridges,  Mission  Boulevard, 
Highway  60,  and  the  Union  Pacific  (UP)  Railroad,  were  modeled  from 
available  plans.  The  remaining  bridge,  Van  Buren  Boulevard,  is  a  double 
bridge.  The  north  bound  side  was  modeled  from  available  plans  and  the 
south  bound  side  was  modeled  from  field  measurements. 
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Roughness  Coefficients 

5-130  The  Manning's  Roughness  Coefficients  ("n"  values)  for  this  study 
reach  were  assumed  to  be  0.035.  This  value  was  selected  based  upon 
engineering  judgement,  since  analytical  methods  did  not  produce 
consistent  results.  Refinement  of  the  "n"  values  will  be  made  for  the 
final  floodway,  including  investigation  of  alternative  analytical 
methods. 

Downstream  Water  Surface  Elevations 


5-131  The  downstream  water  surface  elevation  for  the  natural  profiles 
was  estimated  by  the  HEC-2  computer  program  using  the  slope-area  method. 
The  average  slope  of  the  channel  reach  was  determined  from  the  USGS 
topographic  quadrangle  sheet  to  be  0.004.  The  starting  water  surface 
elevation  for  the  encroached  profiles  was  set  one  foot  higher  than  that 
for  the  natural  profiles. 

Lytle-Warm  Creek  Confluence 

5-132  The  Lytle-Warm  Creek  confluence  encompasses  an  approximately 
1.7  mile  long  reach  of  the  Santa  Ana  River.  Within  this  reach  the 
Los  Angeles  District  Corps  of  Engineers  has  built  substantial  channel 
improvements  to  confine  flows  and  protect  ten  bridges.  For  purposes  of 
estimating  floodways,  it  was  simply  assumed  that  the  boundaries  would 
coincide  with  those  of  the  Corps’  channel  and  no  further  analysis  was 
performed. 

Lytle-Warm  Creek  Confluence  to  Seven  Oaks  Damsite 

Reach  Description 

5-133  The  reach  covered  in  the  upper  part  of  the  analysis  extends  from 
the  upstream  end  of  the  Corps  of  Engineers'  Lytle-  Warm  Creek  project  to 
the  proposed  Seven  Oaks  damsite.  This  reach  is  about  12  miles  long. 
Throughout  the  reach,  channel  slopes  are  fairly  steep  and  bed  material 
is  generally  coarse.  At  the  downstream  end  of  this  reach,  the  channel 
consists  of  a  soft  bottom  channel  with  levees  on  both  sides.  The 
channel  is  about  1,300  feet  wide  with  an  invert  slope  of  about  0.007. 
Approximately  4.3  miles  upstream  from  the  downstream  end,  the  river 
becomes  part  of  a  broad  wash.  This  wash  is  up  to  8,000  feet  wide  and  is 
bounded  by  high  ground  on  the  north  side  and  by  well  defined  high  banks 
on  the  south  side.  At  present,  the  low  flow  channel  of  the  river  runs 
along  the  southern  side  of  the  wash,  and  the  low  flow  channels  of  Plunge 
and  City  Creeks  run  along  the  north  side  of  the  wash.  The  invert  slope 
of  the  Santa  Ana  River  low  flow  channel  varies  from  about  .016  at  the 
downstream  end  of  the  wash  to  .022  at  the  upstream  end  of  the  wash.  The 
wash  narrows  down  and  enters  the  Upper  Santa  Ana  canyon  about  6.7  miles 
upstream  from  the  downstream  end  of  the  wash.  In  the  Upper  Santa  Ana 
Canyon  the  river  is  natural.  It  is  about  600  feet  wide  and  is  bounded 
by  steep  canyon  walls.  The  river  in  this  area  has  an  invert  slope  of 
about  0.028. 
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Method  of  Analysis 


5- 134  The  with-  and  without-pro ject  floodways  were  computed  using  the 
HEC-2  "Water  Surface  Profiles"  computer  program  as  described  in  paragraph 
5-124.  At  some  cross  sections,  the  encroachments  did  not  produce  a  one 
foot  rise  in  water  surface  even  when  they  encroached  all  the  way  to  the 
channel  banks.  In  such  cases  the  encroachments  were  not  allowed  to 
intrude  further  than  the  bank  stations.  At  other  cross  sections,  greater 
than  one  foot  water  surface  elevations  resulted.  This  occurred  even 
though  the  encroachments  were  set  at  the  natural  overflow  boundary.  This 
was  due  to  the  backwater  effect  of  downstream  encroachments.  Although  it 
would  be  possible  to  reduce  the  rise  to  one  foot  by  moving  the 
encroachments  outward,  this  was  not  done  as  it  would  produce  a  floodway 
which  would  be  wider  than  the  natural  flood  boundaries.  If  a  greater 
level  of  detail  had  been  required,  more  effort  would  normally  have 
expended  to  resolve  such  anomalies;  however,  the  approach  taken  is 
adequate  for  the  given  purpose. 

Hydrology 

5-135  The  following  100-year  present  condition  discharges  (ft^/s) 
used: 

Location 


At  Seven  Oaks 
At  Mill  Creek 
At  City  Creek 

Cross  Sections 

5-136  The  cross  sections  required  by  the  HEC-2  computer  model  were 
obtained  from  USGS  Topographic  Quadrangle  sheets.  They  were  taken 
approximately  1,000  to  3,000  feet  apart.  Channel  bank  stations  were 
assumed  to  coincide  with  the  boundaries  of  the  stippled  areas  which  the 
USGS  uses  to  indicate  river  low  flow  channels.  It  was  assumed  that  the 
levees  protecting  Norton  Air  Force  base  would  not  overtop  and  that  flows 
would  generally  remain  along  the  south  side  of  the  wash. 

Bridges 

5-137  Nine  bridges  have  been  located  in  this  part  of  the  study  reach. 
Several  bridges  were  modeled  by  simply  substituting  pre-existing  HEC-2 
bridge  models.  The  Waterman  Avenue,  Santa  Fe  Railroad  and  Tippecanoe 
Avenue  models  were  taken  from  HEC-2  models  produced  outside  the  Corps. 

As  no  bridge  plans  were  available,  no  attempt  was  made  to  check  the 
models  for  accuracy.  The  model  of  the  abandoned  railroad  bridge  near 
Norton  Air  Force  Base  was  adapted  from  a  Flood  Hazard  Study  and  was 
originally  based  upon  field  measurements.  The  Highway  30,  Orange  Street 
and  Greenspot  Road  bridges  were  modelled  based  upon  field  measurements. 
It  was  assumed  that  the  Alabama  Street  crossing  in  the  wash  and  the 
Southern  California  Edison  Co.  bridge  and  tailrace  in  the  canyon  would 
have  a  negligible  impact  upon  flows  and  were  not  modelled. 


w/o  project 

58,000 

75,000 

80,000 


w/project 

5,000 

25,000 

32,000 


been 

deemed 


were 
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Roughness  Coefficients 


5-138  Hanning's  Roughness  Coefficients  ("n"  values)  were  selected  using 
equation  (9)  from  reference  14.  Based  upon  this  equation  "n"  values 
were  computed  which  varied  from  .040  at  the  downstream  end  of  the  study 
reach  to  0.070  at  the  upstream  end. 

Downstream  Hater  Surface  Elevations 


5-139  For  the  natural  profiles,  the  downstream  water  surface  elevation 
was  estimated  by  the  HEC-2  program  using  the  slope-area  method.  For  the 
encroached  profiles  the  starting  water  surface  elevation  was  set  one 
foot  higher  than  the  natural  profile  starting  water  surface  elevation. 

Results 

5-140  The  resulting  with-project  floodway  is  shown  on  plates  34  and  35. 
Given  the  level  of  detail  and  the  many  compromising  assumptions  that 
were  used  to  develop  this  information,  it  is  strongly  recommended  that 
its  use  be  strictly  limited  to  the  environmental  analysis. 

OVERFLOW  BOUNDARY  ESTIMATES 

General 

5-141  For  the  purpose  of  estimating  the  environmental  impact  of  Seven 
Oaks  Dam  on  plants  growing  in  the  Santa  Ana  Wash,  the  estimated  with- 
and  without-project  5,  10,  25,  50  and  100-year  flood  boundaries  were 
delineated  between  the  proposed  Seven  Oaks  Dams  and  Norton  Air  Force 
Base  (AFB) .  Refer  to  paragraph  5-133  above,  for  a  description  of  the 
study  reach. 

Method  of  Analysis 

5-142  The  with-  and  without-project  flood  boundaries  were  computed 
using  the  HEC-2  "Water  Surface  Profiles"  computer  program.  For  both  the 
with-  and  without-project  analyses,  the  natural,  present  condition  HEC-2 
model  developed  for  previous  floodway  estimates  was  adapted  by 
substituting  future  condition  hydrology  values  into  the  model.  This 
produced  two  new  models,  one  representing  the  with-project  conditions 
and  one  representing  the  without-project  conditions.  No  other 
modifications  were  attempted.  Refer  to  paragraphs  5-135  through  5-139 
above  for  a  detailed  description  of  this  model. 

Hydrology 

5-143  The  following  without-project  future  condition  peak  discharges 
(in  ft3/s)  on  the  Santa  Ana  River  were  used: 


Location 

5-yr 

10-yr 

25 -yr 

50-yr 

100-yr 

Seven  Oaks 

4300 

8800 

20500 

34000 

58000 

Mill  Creek 

5600 

11700 

26000 

45000 

76000 

City  Creek 

5800 

12500 

28000 

48000 

80000 
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The  following  with-project  future  condition  peak  discharges  (ft^/s)  on 
the  Santa  Ana  River  were  used: 


Location 

5-yr 

10-yr 

25-yr 

50-yr 

100-yr 

Seven  Oaks 

2000 

2150 

3150 

4200 

5500 

Mill  Creek 

2050 

4300 

9300 

15500 

25000 

City  Creek 

2600 

5600 

13000 

21000 

33000 

Subsequent  to  the  time  the  overflow  analysis  was  prepared,  some  of  the 
above  discharges  were  revised  slightly.  The  revised  discharges  are 
shown  in  Volume  7,  Hydrology,  of  the  Phase  II  GDM.  The  revisions  to  the 
discharges  are  too  small  to  significantly  affect  the  location  of  the 
flood  boundaries,  especially  in  light  of  the  limitations  of  the 
available  topographic  mapping.  Consequently,  the  overflow  maps  were  not 
revised. 

Results 

5-144  The  resulting  with-  and  without-pro ject  flood  boundaries  are  on 
file  in  the  Hydraulics  Section  of  the  Los  Angeles  District  Corps  of 
Engineers. 

SEDIMSiT  TRANSPORT 

5-145  Refer  to  Appendix  G  for  a  detailed  description  of  the  sediment 
transport  analysis  performed  for  the  reach  from  Prado  Dam  to  the 
proposed  Seven  Oaks  damsite. 
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VI.  GEOLOGY,  SOILS  AHD  MATERIALS 


General 

6-01  The  geologic  setting  and  the  results  of  geotechnical  investigations 
of  the  damsite  and  construction  materials  are  summarized  in  the  following 
paragraphs  along  with  a  description  of  the  design  considerations,  methods 
of  analysis,  and  preliminary  construction  requirements  for  the  proposed 
dam  and  appurtenances.  A  complete  description  of  the  geotechnical 
studies  conducted  for  the  Phase  II  GDM  is  presented  in  Appendix  A, 
Geotechnical,  to  this  volume. 


Geologic  Setting 

6-02  The  Seven  Oaks  damsite  is  located  in  upper  Santa  Ana  River  canyon 
which  is  within  the  southern  frontal  margin  of  the  San  Bernardino 
Mountains.  These  mountains  are  in  the  eastern  part  of  the  Transverse 
Ranges  physiographic  province  in  southern  California.  This  province  is 
so  named  because  the  Transverse  Ranges  lie  across  the  grain  of  adjacent 
physiographic  provinces,  which  are  strongly  influenced  by  the  northwest- 
southeast-trending  San  Andreas  fault  system.  The  San  Andreas  fault 
system  is  the  master  transform  along  which  the  Pacific  plate,  on  the 
we3t  side,  moves  northwesterly  relative  to  the  North  American  plate,  on 
the  east  side.  The  cumulative  right-lateral  offset  movement  along  this 
system  over  the  past  few  million  years  is  estimated  to  be  from  100  to 
180  miles. 

6-03  In  the  vicinity  of  the  project,  the  San  Andreas  fault  splits  into 
two  branches.  The  Seven  Oaks  damsite  is  located  in  the  Wilson  Creek 
block,  a  wedge  of  basement  rock  bounded  by  the  North  and  South  Branches. 
The  damsite  is  approximately  one  mile  upstream  of  the  South  Branch, 
which  in  the  recent  past  ha3  been  the  more  active  branch,  and  1/2  mile 
downstream  from  the  North  Branch. 

6-0M  Rock  units  exposed  at  the  damsite  consist  primarily  of  Precambrian 
quartzo-feldspathic  gneiss  that  has  been  intruded  by  Cretaceous  quartz 
diorite.  The  gneissic  rocks  are  typically  layered  and  strongly 
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foliated,  and  are  often  highly  sheared.  The  intruded  quartz  diorite 
rocks  are  moderately  to  strongly  jointed  and  fractured,  and  slightly 
foliated.  In  the  San  Bernardino  Mountains,  these  rock  units  occur  only 
within  the  Wilson  Creek  block.  Quartz  monzonite  typical  of  the  San 
Bernardino  Mountains  occurs  north  of  the  North  Branch  in  the  upper 
portion  of  the  reservoir  area. 

6-05  Overlying  the  basement  rock  units  in  upper  Santa  Ana  River  canyon 
are  several  colluvial  and  alluvial  units.  Dissected  remnants  of  at 
least  three  generations  of  Quaternary-age  stream  terrace  deposits  as 
much  as  500,000  years  in  age  can  be  identified  on  the  canyon  walls.  The 
streambed  alluvium  in  the  canyon  consists  of  unconsolidated  sand, 
gravel,  cobbles,  and  granitic  boulders  up  to  5  feet  and  greater  in 
diameter. 


Seismicity 

6-06  The  region  surrounding  the  damsite  is  seismically  active  due  to 
the  tectonic  interaction  of  the  North  American  plate  and  the  Pacific 
plate.  Relative  movement  along  the  boundary  between  the  plates  has 
formed  the  San  Andreas  fault,  with  the  action  of  the  movement  being 
primarily  right-lateral  strike-slip.  The  relative  movement  between  the 
crustal  plates  as  well  as  the  movements  within  the  plates  causes  release 
of  energy  in  the  form  of  earthquakes,  the  magnitude  and  recurrence 
interval  of  which  are  dependant  on  various  factors  relating  to  fault 
length  and  type  of  movement.  A  maximum  credible  event  of  Richter 
magnitude  greater  than  8  is  postulated  for  the  San  Andreas  fault.  Other 
major  faults  in  the  general  southern  California  region  can  potentially 
rupture  with  maximum  credible  events  of  magnitude  6.5  to  7.5. 

6-07  A  geologic  study  of  prehistoric  earthquakes  on  the  San  Andreas 
fault  indicates  a  mean  recurrence  interval  of  150  to  200  years  between 
great  earthquakes  on  segments  of  this  fault.  The  most  recent  large 
event  occurred  in  1857  and  was  centered  approximately  115  miles  from  the 
damsite,  in  the  area  known  as  the  "Big  Bend."  Several  earthquake 
recurrence  models  indicate  that  the  next  major  event  in  southern 
California  will  likely  be  centered  on  a  segment  of  the  fault  nearest  to 
the  damsite  and  may  be  overdue.  Peak  horizontal  accelerations  at  the 
damsite  from  such  an  event  may  exceed  0.7g,  and  the  duration  of  strong 
shaking  in  excess  of  0.05g  is  expected  to  exceed  HO  seconds. 

6-08  Although  no  active  fault  trace  has  been  discovered  at  the  damsite, 
a  major  earthquake  on  the  San  Andreas  fault  can  be  expected  to  produce 
sympathetic  movement  on  random  shear  planes  within  bedrock  under  the 
dam.  Assessment  of  the  fault  rupture  hazard  by  a  recognized  technical 
expert  indicates  that  lateral  displacement  along  the  fault  plane  itself 
may  be  on  the  order  of  20  feet,  and  a  conservative  design  displacement 
of  as  much  as  H  feet  in  any  direction  at  the  damsite  from  a  magnitude  8+ 
earthquake  on  the  South  Branch  of  the  San  Andreas  fault  should  be 
assumed . 
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Investigations 


6-09  The  complete  range  of  geotechnical  investigations  and  design 
analysis  required  for  the  final  design  of  Seven  Oaks  Dam  was  not 
possible  within  the  time  and  cost  constraints  of  the  Phase  II  GDM.  It 
was  agreed,  therefore,  that  Phase  II  GDM  investigations  and  design 
activities  would  attempt  to  reduce  the  uncertainty  about  the  site 
conditions  and  construction  materials  that  would  have  a  significant 
impact  on  the  cost  of  the  dam.  The  remaining  required  work  would  be 
accomplished  with  construction  funds,  after  approval  of  the  Phase  II 
GDM,  and  would  be  reported  in  the  form  of  Feature  Design  Memoranda 
(FDM) .  To  establish  design  values  and  prepare  a  construction  cost 
estimate  for  the  Phase  II  GDM,  the  following  items  were  considered  to  be 
of  primary  importance: 

a.  Depth  and  configuration  of  the  foundation  bedrock  surface  in  the 
canyon  bottom  under  the  proposed  embankment  and  at  the  outlet 
works  portals. 

b.  Characteristics  of  the  foundation  bedrock. 

c.  Location  and  significance  of  faults  and  shears. 

d.  Location  of  significant  landslides. 

e.  Static  and  dynamic  properties  of  the  streambed  alluvium. 

f.  Sources  and  properties  of  construction  materials. 

g.  Excavatability  and  quality  of  the  bedrock  in  the  spillway  and 
the  Government  Canyon  drainage  channel. 

6-10  A  field  and  laboratory  investigation  program  to  address  these 
items  included  geologic  mapping,  literature  research,  aerial  photo 
interpretation,  fault  studies,  trenching,  drilling,  geophysical  surveys, 
and  detailed  in-situ  and  laboratory  testing.  A  detailed  description  of 
the  investigations  and  testing  is  presented  in  sections  5  through  7  of 
Appendix  A,  Geotechnical,  of  this  volume. 


Foundation  Conditions 

6-11  Drilling  and  geophysical  surveys  at  the  damsite  indicate  that  the 
Santa  Ana  River  has  eroded  an  asymmetrical  channel  into  the  bedrock,  the 
deepest  portions  of  which  are  approximately  100  feet  below  the  existing 
streambed  ground  surface.  The  bedrock  under  the  dam  will  be  a 
combination  of  moderately  to  highly  weathered  gneiss  and  moderately 
weathered  diorite.  Both  rock  types  are  highly  fractured  but  relatively 
tight,  with  rockmass  permeabilities  generally  less  than  0.1  ft/day.  The 
rockmass  quality  does  not  improve  enough  with  depth  to  warrant  over¬ 
excavation  of  the  bedrock  foundation  surface.  It  is  anticipated  that 
when  the  foundation  bedrock  is  exposed,  a  large  number  of  shears  will  be 
encountered.  However,  it  is  unlikely  that  major  fault  zones  will  be 
uncovered . 
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6-12  The  geophysical  surveys  and  exploratory  drilling  indicate  that  the 
streambed  alluvium  which  covers  the  bedrock  in  the  channel  appears  to  be 
relatively  uniform  and  probably  about  as  dense  as  modern  construction 
methods  could  accomplish  if  it  were  removed  and  replaced,  except  that 
the  materials  in  the  top  20  feet  are  somewhat  less  dense.  A  detailed 
investigation  of  the  foundation  will  be  conducted  in  the  FDM  study  phase 
to  verify  the  suitability  of  the  foundation  and  the  potential  for 
foundation  liquefaction  during  a  seismic  event. 

6-13  A  limited  investigation  of  the  abutments,  outlet  works,  drainage 
channel  and  spillway  has  shown  that  the  rock  types  and  quality  are  very 
similar  to  those  of  the  streambed  foundation  bedrock.  The  gneiss  and 
diorite  are  highly  fractured,  moderately  to  highly  weathered  with  low 
permeability.  The  top  of  the  right  abutment  and  portions  of  the 
drainage  channel  and  spillway  are  covered  with  relatively  thin  layers  of 
slopewash,  topsoil  and  grassy  chapparal  vegetation.  The  lower  portion 
of  the  right  abutment  is  very  steep  and  the  bedrock  is  exposed.  The 
left  abutment,  with  a  shallower  slope,  has  accumulated  a  relatively  deep 
deposit  of  colluvium  that  is  over  100  feet  thick  in  the  lower  portions. 

6-14  Although  investigations  for  the  outlet  works  have  been  limited  to 
the  portals,  it  is  anticipated  that  the  outlet  works  tunnel  will  be 
excavated  primarily  through  blocky  and  seamy  diorite.  Numerous  small 
shears  and  possibly  4  or  5  more  significant  zones  are  likely  to  be 
encountered.  The  inlet  portal  will  be  constructed  in  a  steep  diorite 
rock  face  of  relatively  sound  and  intact  rock.  The  outlet  portal  site, 
however,  is  covered  by  about  40  feet  of  colluvium  which  may  conceal  more 
fractured  bedrock. 


Landslide  Potential 

6-15  It  is  likely  that  operation  of  the  flood  control  reservoir  will 
cause  some  mas3  movements,  most  of  which  will  consist  of  the  downslope 
movement  of  saturated  surficial  residual  soil  and  loose  rock.  There  is 
no  recognized  potential  for  large  scale  landsliding  which  would  pose  a 
hazard  to  the  safety  of  the  embankment. 


Construction  Materials 

6-16  Approximately  38,500,000  yds^  of  material  is  required  to  construct 
the  embankment.  Materials  available  from  required  excavation  of  the 
foundation,  spillway  and  drainage  channel  will  be  alluvial  sands, 
gravels,  cobbles,  boulders,  and  fragmented  bedrock  that  will  be  suitable 
for  use  in  the  shells  of  the  embankment.  Impervious  core  materials  and 
additional  free-draining  shell  materials  are  available  from  borrow 
sources  within  3  miles  from  the  dam.  Results  of  tests  on  impervious  and 
alluvial  materials  are  presented  in  detail  in  Appendix  A.  Te3ts  on  rock 
representative  of  the  spillway  and  drainage  channel  excavation  will  be 
conducted  during  the  FDM  study  phase  to  assess  their  characteristics  as 
embankment  shell  material.  Concrete  aggregate  can  be  processed  from 
streambed  alluvium  or  purchased  from  commercial  sources  in  the  vicinity. 
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Design  Considerations 


6-17  The  primary  considerations  in  the  design  of  a  dam  in  upper  Santa 
Ana  River  canyon  are  the  site  conditions  and  foundation  materials, 
proposed  operating  conditions,  and  the  ability  to  withstand  expected 
seismic  activity.  Due  to  the  highly  fractured  nature  of  the  foundation 
bedrock  and  the  potential  for  sympathetio  movement  during  a  seismic 
event,  the  ability  of  the  dam  and  outlet  works  to  survive  up  to  feet 
of  movement  in  the  foundation  is  essential.  Construction  materials 
available  at  the  site  lend  themselves  to  use  as  stable  embankment 
materials  in  this  seismic  environment.  Seven  Oaks  Dam  is  designed  to  be 
operated  as  a  flood  control  and  debris  storage  dam,  although  water 
conservation  is  not  precluded  if  operation  schedules  are  changed  in  the 
future . 

6-18  The  seismic  criteria  for  Seven  Oaks  Dam  was  developed  by: 

a.  Defining  the  seismic  zones,  faults,  and  source  areas 

b.  Developing  and  selecting  the  site  or  region  specific  attenuation 
characteristics 

c.  Calculating  the  site  ground  motions  (acceleration,  velocity, 
displacement  and  duration)  and 

d.  Selecting  analogous  time-histories  and  response  spectra  with 
appropriate  scale  factors. 

6-19  The  maximum  credible  earthquake  is  postulated  as  a  magnitude  8+ 
event  on  the  South  Branch  of  the  San  Andreas  fault.  This  fault  is 
considered  the  primary  seismic  source  capable  of  generating  earthquakes 
that  could  cause  significant  ground  shaking  at  the  dam  and  was  selected 
based  upon  the  degree  of  activity  of  faulting,  magnitude,  peak  site 
horizontal  bedrock  acceleration,  duration  of  strong  shaking,  and  the 
distance  from  the  dam. 

6-20  Given  the  foregoing  seismic  environment  and  the  nature  of 
construction  materials  available  at  the  site,  a  rolled  earth  and 
rockfill  embankment  design  was  developed  which  will  produce  a 
conservatively  safe  dam  while  utilizing  the  materials  available  at  the 
site  in  the  most  cost  effective  manner.  The  design  includes  various 
defensive  measures  to  insure  its  ability  to  safely  withstand  seismic 
ground  motions.  The  embankment  zoning  provides  resistance  to 
concentrated  leaks  by  placing  high  strength  and  erosion  resistant 
materials  at  the  outer  shells  where  they  will  do  the  most  good.  A 
crack-resistant  impervious  core  and  well-graded  cohesionless  filter  and 
transition  zones  are  designed  to  be  effective  in  sealing  internal  cracks 
which  may  develop  due  to  differential  settlement  or  earthquake  induced 
movement.  The  outer  shells  of  free-draining  sands,  gravels,  and 
rockfill  are  designed  with  IV  on  2H  outer  slopes  to  provide  stability 
during  an  earthquake. 
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6-21  To  insure  a  stable  central  core  and  obtain  a  positive  cutoff  of 
groundwater,  the  streambed  alluvium  will  be  excavated  to  bedrock  within 
a  zone  defined  by  a  IV  on  1H  line  from  the  crest,  both  upstream  and 
downstream.  Elsewhere  under  the  embankment,  the  top  20  feet  of  alluvium 
will  be  removed  before  placement  of  fill  materials.  The  impervious 
central  core  will  extend  from  bedrock  to  within  10  feet  of  the  crest  of 
the  dam,  and  will  have  a  base  width  approximately  one-third  of  the 
maximum  hydraulic  head.  Filter  zones  next  to  the  core  will  consist  of 
minus  3-inch  alluvial  material  and  the  upstream  shell  will  consist  of 
minus  12-inch  alluvial  material.  The  materials  will  be  processed  from 
the  streambed  foundation  excavation  and  the  downstream  pervious  borrow 
area,  and  the  upstream  shell  will  be  overlain  by  a  thick  layer  of 
oversize  stone.  The  downstream  transition  zone  will  consist  of 
unprocessed  rock  excavated  from  the  spillway  and  Government  Canyon 
Ridge,  with  an  outer  layer  of  erosion  resistant  oversize  stone  from  the 
pervious  borrow  area. 


Analysis 

6-22  The  stability  of  Seven  Oaks  Dam  was  analyzed  only  for  static 
loading  conditions  and  potential  permanent  displacement  for  this  Phase 
II  GDM  study.  The  results  of  manual  calculations  using  general  force 
equilibrium  equations  for  non-circular  sliding  surfaces,  and  computer 
calculations  to  locate  critical  sliding  surfaces  using  Spencer's 
procedure  show  that  the  computed  safety  factors  for  all  static  loading 
conditions  exceed  the  minimum  allowable  safety  factors  by  a  comfortable 
margin.  Permanent  earthquake-induced  deformations,  estimated  with  the 
dynamic  displacement  analysis  procedure  originally  proposed  by  Newmark, 
are  expected  to  be  only  about  2  feet  for  the  maximum  credible  design 
earthquake  with  no  reservoir  pool.  The  seismic  stability  analyses  of 
the  dam  was  beyond  the  scope  of  the  Phase  II  GDM  study  and  will  be 
conducted  during  the  FDM  study  phase.  The  embankment  seismic  stability 
will  be  analyzed  both  statically  and  dynamically  using  finite  element 
methods.  The  static  finite  element  analysis  will  analyze  the  static 
stresses  (normal,  horizontal,  and  shear)  of  the  embankment  under  various 
reservoir  pool  conditions  (dry,  intermediate,  and  spillway  crest).  The 
dynamic  finite  element  analysis  will  evaluate  the  embankment  response  to 
the  design  earthquakes  under  reservoir  pool  conditions  (maximum  credible 
event  for  dry  and  intermediate  debris  storage  conditions  and  probable 
maximum  event  for  spillway  crest  conditions).  In  addition,  appropriate 
permanent  embankment  displacement  analyses  will  be  conducted. 

6-23  Preliminary  settlement  and  seepage  calculations  were  conducted  to 
estimate  the  conditions  which  might  occur  during  the  construction  and 
operation  of  the  dam.  Total  settlement  may  be  on  the  order  of  20  feet 
in  the  core  zone,  however  most  of  this  occurs  during  construction  and 
post-construction  settlement  is  expected  to  be  only  about  5  feet. 

Seepage  quantities  and  the  location  of  discharge  water  surfaces  were 
estimated  from  construction  of  flow  nets  for  the  most  critical 
combinations  of  reservoir  pool  conditions.  A  finite  element  seepage 
analysis  that  calculates  the  seepage  forces  in  the  dam  will  be  conducted 
in  the  FDM  phase  for  various  reservoir  pool  conditions. 
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Construction  Requirements 


6-24  Diversion  and  control  of  groundwater  and  surface  flows  will  be 
required  for  below-streambed  excavation,  curtain  grouting,  surface 
treatment  and  embankment  fill  operations.  For  estimating  purposes,  it 
is  assumed  that  groundwater  will  be  controlled  with  a  slurry  trench 
cutoff  just  upstream  of  the  cofferdam  toe.  A  temporary  impervious 
blanket  will  be  provided  on  the  upstream  face  of  the  cofferdam  and  be 
connected  to  the  slurry  trench  cutoff  to  divert  flows  through  the  outlet 
tunnel.  The  temporary  impervious  blanket  will  be  removed  when  embankment 
fill  placement  reaches  the  top  of  the  cofferdam.  The  cofferdam  will  be 
constructed  as  a  permanent  part  of  the  embankment  (pi.  23). 

6-25  Foundation  treatment  will  include  a  single  line  50-foot  deep  grout 
curtain  below  the  central  portion  of  the  core,  with  every  other  hole 
deepened  to  one-half  the  maximum  flood  pool  depth.  Slurry  grouting  of 
open  joints  and  fractures  and  dental  concrete  will  be  used  to  prepare 
the  bedrock  surface  for  placement  of  fill  materials. 

6-26  Core  material  is  available  in  sufficient  quantities  from  the 
impervious  borrow  area  approximately  2  miles  southeast  of  the  dam.  No 
processing  or  special  treatment  is  anticipated  other  than  the  control  of 
excavation  to  ensure  that  materials  with  insufficient  fines  are  not 
placed  in  the  core. 

6-27  Alluvial  materials  from  the  foundation  excavation  and  downstream 
pervious  borrow  area  will  have  to  be  processed  through  grizzleys  to 
provide  suitable  gradations  for  the  filter,  upstream  transition  and 
outer  shell  zones.  A  detailed  description  of  the  anticipated  processing 
procedure  is  in  section  12  of  Appendix  A,  Geotechnical. 

6-28  It  is  anticipated  that  most  of  the  spillway  and  drainage  channel 
rock  can  be  excavated  by  mechanical  methods  and  that  relatively  little 
drilling  and  blasting  will  be  required.  Benched  cut  slopes  will  be 
IV  on  1H  and  2V  on  1H.  The  excavatability  ard  compaction  procedures 
will  be  investigated  during  the  FDM  study  phase  as  part  of  an  initial 
contract  for  a  test  fill.  At  the  present  time,  it  is  anticipated  that 
Government  Canyon  Ridge  will  be  overexcavated  beyond  what  is  necessary 
for  the  drainage  channel  to  produce  borrow  material  for  the  embankment 
downstream  transition  zone. 

6-29  The  outlet  works  tunnel  will  be  excavated  by  blasting  in  a  split 
heading  method  from  the  downstream  portal.  The  tunnel  will  be  fully 
supported  and  concrete  lined.  Special  lining  and  support  features  will 
be  constructed  at  major  shear  crossings  to  accommodate  the  postulated 
4  feet  of  displacement.  All  permanently  exposed  portal  cut  slopes  in 
rock  will  be  excavated  to  4V  on  1H  and  reinforced  with  rock  bolts  and 
pneumatically  placed  concrete.  Although  it  is  anticipated  that  the 
bedrock  will  be  tight,  some  consolidation  grouting  will  be  conducted  in 
the  upstream  portion  of  the  tunnel. 

6-30  Instrumentation  of  the  embankment  and  appurtenant  structures  is 
discussed  generally  in  Appendix  A  and  will  be  addressed  in  detail  during 
the  FDM  phase  of  the  study. 
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VII .  STRUCTURAL  DESIGN 


General 

7-01  This  section  presents  the  design  criteria  for  the  structural 
elements  of  the  Seven  Oak  Dam  access  roads.  The  structural  elements  for 
this  project  include  a  bridge,  concrete  slab  structure,  and  reinforced 
concrete  drop  structures. 


References 

7-02  The  structural  elements  will  be  designed  in  accordance  with 
applicable  provisions  of  the  following: 


References 

Title 

EM  1110-1-2101 

Working  Stresses  for  Structural  Design 

EM  1110-2-1806 

Earthquake  Design  and  Analysis  for  Corps  of 
Engineers  Project 

EM  1110-2-2000 

Standard  Practice  for  Concrete 

EM  1110-2-2103 

Detail  of  Reinforced  Hydraulic  Structures 

EM  1110-2-2502 

Retaining  Walls 

ETL  1110-2-256 

Sliding  Stability 

ETL  1110-2-265 

Strength  Design  Criteria  for  Hydraulic 
Structures 

AASHT0 

Standard  Specifications  for  Highway  Bridges 
thirteenth  edition,  1983 
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Seisaic  Forces 


7-03  All  structures  will  be  designed  to  withstand  the  minimum 
earthquake  acceleration  of  Q.05g.  When  earthquake  forces  are 
considered,  all  allowable  stresses  and  allowable  foundation  pressures 
will  be  increased  by  33-1/3  percent. 


Unit  Design  Stresses 

7-04  Pertinent  information  on  unit  design  stresses  for  the  structural 
design,  in  addition  to  those  listed  in  the  above  manuals,  is  presented 
in  table  VII-1. 


Table  VII-1.  Unit  Design  Stresses. 


Concrete 


Ultimate  Compressive  Strength 
Cast-in-place  structures  other  than 


culverts .  f'c  =  3,000  psi 

Culverts .  f'c  =  4,000  psi 


Allowable  Compressive  Strength 
Flexure  for  retaining  walls  and  flood- 


walls . . 

Ratio . . 

=  0.35  f' 

=  Es/Ec 
=  57,000 

c  =  1,050  psi 

Modulus  of  elasticity . . 

(f'C)1/2 

Prestressed  Concrete 


Compressive  strength  of  concrete  at 

28  days .  f'c  =  5,000  psi 

Compressive  strength  of  concrete  at 

time  of  initial  prestre3s .  f'ci  =  .  3,500  psi 

Modulus  of  elasticity  of  concrete .  Ec  =  4,300  ksi 

Modulus  of  elasticity  of  concrete  at 

time  of  initial  prestress . . .  Eci  =  3,600  ksi 
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Table  VII- 1.  Continued 


Prestressing 

Ultimate  strength  of  prestressing 

Stftfil  .  1  t  |  |  t  *  •  •  I  t  t  f  t  *  ‘  . .  .  .  4  . 

Steel 

f's  = 

270  ksi 

Initial  tensioning  stress  in  pre- 

stressing  steel . 

Effective  stress  in  prestressing 

f  si  = 

0.7  f’s 
189  ksi 

steel  f , .  1 1  ,  . , , ,  T .  T . . . . 

fsi  s 

0.8  fsi 
151  ksi 

Reinforcing  Steel  (Grade 

40  or  60) 

Allowable  tensile  strength . 

Modulus  of  Elasticity . . . 

fs  = 
Es  = 

20,000  psi 

29,000  ksi 

Design  Weights 

Concrete  weight . 

Water  weight . 

Wc  = 
Ww  = 

150  lb/ft3 

62.5  lb/ft3 

(Refer  to  Appendix  A,  Geotechnical,  for  the 
soils. ) 

weights 

and  properties  of 

Bridge  Structure 

7-05  A  new  bridge  will  be  constructed  along  the  outlet  works  access 
road.  It  will  have  a  width  of  about  26  feet  and  a  span  of  approximately 
80  feet.  The  bridge  will  be  designed  to  be  supported  on  two  cantilever 
abutments.  Guardrails  will  be  provided  along  the  bridge.  Two  precast, 
prestreesed,  concrete  sections  will  be  designed  for  HS-20  highway 
loading.  In  addition,  intermediate  and  end  diaphragms  will  be  provided 
at  mid-span  and  at  end  supports  respectively.  In  order  to  eliminate 
fixity  and  thereby  minimize  the  size  of  the  bridge  pier,  the  span  will 
be  placed  on  an  elastmeric  bearing  pad. 


Drop  Structure 

7-06  Drop  inlet  structures  will  be  provided  along  the  roads  for 
drainage.  The  vertical  walls  of  the  structures  will  be  designed  as 
horizontal  beams  without  water.  Earth  pressure  on  the  back  of  the  wall 
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will  be  determined  in  accordance  with  criteria  contained  in  civil  works 
engineer  letter  "Construction  stresses  in  retaining  walls"  (64-7, 

22  April  1964).  The  lateral  earth  pressure  would  be  computed  for  a 
condition  of  drained  backfill. 


VIII.  RELOCATION  OF  STREETS,  RAILROADS,  AND  UTILITIES 

8-01  Unimpeded  access  to  the  upper  canyon  for  SCE  and  other  authorized 
personnel  to  operate  their  facilities  will  be  maintained  during  project 
construction  to  minimize  disturbance  to  existing  operations.  Also  see 
Section  IX,  Access  Roads.  Under  the  proposed  plan  for  the  Seven  Oaks 
Dam,  there  will  be  no  permanent  relocation  of  any  public  streets, 
highways  or  railroads.  Detours  will  be  required  around  low  capacity 
bridges  along  Greenspot  Road  for  the  initial  mobilization  of  equipment 
to  the  site.  The  detours  will  parallel  the  bridges  and  will  consist  of 
either  a  dip  crossing  or  a  compacted  earthfill  over  corrugated  metal 
culverts.  The  Southern  California  Edison  Company  hydropower  facilities 
at  the  damsite  and  within  the  reservoir  will  be  relocated.  A  water  well 
owned  by  the  Bear  Valley  Mutual  Water  Company  (BVMWC)  inside  the 
reservoir  will  also  require  relocation.  Other  facilities  within  the 
canyon  and  borrow  areas  will  be  protected  in  place  or  avoided  when 
possible  (pis.  24  through  26). 

8-02  The  following  paragraphs  describe  the  relocation  plans  selected 
for  the  purpose  of  estimating  a  reasonable  cost  for  the  relocation  of 
SCE  facilities.  The  final  relocation  designs  will  be  developed  by  the 
local  sponsors  in  coordination  with  the  utility  owners. 


Powerhouse 

8-03  The  existing  SCE  Powerhouse  No.  2  is  located  approximately 
1.7  miles  upstream  from  the  proposed  dam  and  will  be  impacted  by 
reservoir  flood  inundation  as  well  as  sediment  accumulation.  It  is 
recommended  that  the  SCE  Powerhouse  No.  2  be  eliminated  and  the 
hydraulic  head  transferred  to  Powerhouse  No.  3  downstream  where  new, 
high  efficiency  turbines  will  be  installed  to  accommodate  the  additional 
head.  The  new  turbines  will  produce  the  same  power  output  as  the 
existing  Powerhouse  Nos.  2  and  3  combined. 
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8-04  The  estimated  cost  for  the  preferred  plan  is  approximately 
$2,400,000,  including  contingencies.  The  cost  presented  is  considered 
to  be  a  reasonable  estimate  of  the  relocation  value  for  these 
facilities.  The  relocation  plan  presented  here  does  not  obligate  the 
local  sponsor  or  the  utility  owner  to  implement  the  plan. 


Flume  Line 

8-05  The  existing  SCE  flume  line  is  primarily  used  to  convey  flows 
through  the  system  of  three  powerhouses  and  is  also  used  for  diversion 
by  the  San  Bernardino  Valley  Municipal  Water  District.  The  flume  line 
between  Powerhouses  Nos.  2  and  3  will  be  impacted  by  the  dam  and 
reservoir.  The  existing  flume  line  in  this  reach  consists  of  7  open 
flume  sections  and  6  tunnel  sections.  The  total  length  of  the  tunnel 
sections  is  approximately  3,100  feet  and  the  total  length  of  open  flume 
sections  is  9,357  feet.  It  is  recommended  that  the  existing  flume 
tunnel  be  abandoned  and  replaced  with  a  closed,  pressurized  conduit 
between  Powerhouses  Nos.  2  and  3  (pi.  22).  The  proposed  conduit  will  be 
composed  of  a  60-inch  inside  diameter  prestressed  concrete  cylinder  pipe 
(peep)  constructed  approximately  6  feet  below  the  existing  streambed. 

The  conduit  will  transition  into  a  48-inch  diameter  steel  pipe  through 
the  east  abutment  of  the  dam  in  the  vicinity  of  the  outlet  works  tunnel. 
The  conduit  will  transition  back  to  the  60-inch  peep  downstream  of  the 
dam  to  connect  with  Powerhouse  No.  3*  The  total  length  of  the  relocated 
conduit  will  be  approximately  12,800  linear  feet.  The  estimated  cost  of 
this  plan  is  approximately  $7,500,000,  including  contingencies. 

8-06  Under  this  relocation  plan,  Powerhouse  No.  2  will  be  abandoned, 
and  the  head  will  be  transferred  to  Powerhouse  No.  3  through  the 
pressurized  conduit.  The  existing  flume/tunnel  line  will  be  abandoned, 
and  the  existing  tunnel  section  through  the  east  abutment  of  the  dam 
will  be  sealed  to  prevent  unregulated  reservoir  flow  through  this 
opening  (pi.  4). 


Transmission  Line 

8-07  An  existing  66  kilovolt  (kv)  transmission  line,  consisting  of  33 
kv  wires,  is  connected  to  the  SCE  system  of  3  powerhouses  to  transmit 
the  generated  hydropower.  Each  powerhouse  transmits  at  33  kv  to  the 
total  line.  The  line  is  supported  on  steel  lattice  towers  from  800  to 
1,700  feet  apart  located  on  the  canyon  side  slopes  approximately  100 
feet  above  the  streambed  at  the  damsite.  The  transmission  line  will  be 
relocated  above  the  spillway  crest  elevation  2,580  'feet  NGVD  along  the 
east  rim  of  the  reservoir.  The  alignment  was  reviewed  by  SCE  engineers 
for  feasibility  and  cost.  It  is  assumed  that  the  transmission  towers 
and  lines  will  be  installed  by  helicopter  due  to  the  steep  terrain.  The 
towers  will  be  light  steel  lattice  structures  with  concrete  footings. 

The  new  transmission  towers  will  be  designed  to  prevailing  standards  for 
the  66  kv  systems.  The  transmission  line  will  be  33  kv  wires  as  used  in 
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the  existing  system.  The  towers  will  be  inspected  and  maintained  by 
foot  and/or  aerial  patrols.  The  estimated  cost  of  this  plan  is 
approximately  $2,2 00,000,  including  contingencies. 


Spreading  Basins 

8-08  The  downstream  pervious  borrow  area  will  be  located  in  the  water 
spreading  basins  operated  by  San  Bernardino  Valley  Water  Conservation 
District  (SBVWCD).  See  plate  2.  The  preferred  borrow  area  will  impact 
the  existing  water  spreading  operation  due  to  the  excavation  of  the 
material  for  the  embankment  construction.  Approximately  35,000  linear 
feet  (LF)  of  existing  dikes,  various  diversion  and  overflow  gates  and 
various  corrugated  metal  pipes  (CMP)  will  be  impacted. 

8-09  The  water  spreading  operation  will  be  maintained  through  the 
construction  of  the  dam  by  using  a  phased  borrow  excavation  plan 
(Appendix  A,  pi.  A— 10 1 ) .  Also  see  discussion  in  Appendix  A,  section 
A- 12.  The  plan  will  divide  the  total  borrow  area  into  sectional  areas 
where  they  will  be  excavated  in  sequence.  Replacement  dikes,  diversion 
and  drainage  structures  will  be  constructed  in  the  excavated  areas  to 
maintain  water  spreading  capability  as  the  borrow  excavation  is  phased 
to  the  next  area.  A  new  canal  system  will  also  have  to  be  constructed 
to  divert  water  into  the  reformed  basins.  Further  development  of  this 
plan  will  require  closer  coordination  with  SBVWCD.  The  preliminary  cost 
for  replacing  the  impacted  spreading  basins  is  approximately  $690,000. 

8-10  An  existing  water  well  owned  by  East  Valley  Water  District  (EVWD) 
is  located  inside  the  maximum  limits  of  the  downstream  pervious  borrow 
area  (pi.  A-101).  The  well  will  be  avoided  by  the  borrow  excavation. 


Veil  Number  2 

8-11  The  existing  Bear  Valley  Mutual  Water  Company  (BVMWC)  water  well 
No.  2  is  proposed  to  be  relocated  downstream  in  the  vicinity  of 
Powerhouse  No.  3.  The  well  relocation  is  in  conjunction  with  the 
proposed  elimination  of  Powerhouse  No.  2  from  the  hydropower  system. 

The  final  well  relocation  plan  will  be  further  coordinated  with  the  San 
Bernardino  Valley  Municipal  Water  District  (SBVMWD),  as  they  receive 
credit  for  power  produced  from  the  pumped  water. 
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IX.  ACCESS  ROADS 


General 

9-01  The  permanent  access  roads  are  primarily  designed  to  address  the 
needs  of  the  Corps  of  Engineers  to  operate  and  maintain  the  flood 
control  structure.  They  will  also  be  utilized  by  the  United  States 
Forest  Service  to  manage  land  resources  and  perform  fire  prevention 
activities,  and  by  local  hydropower  and  water  companies  to  operate  and 
maintain  their  facilities  upstream  from  the  dam  and  within  the 
reservoir.  Paved  all-weather  access  roads  will  be  provided  to  the  top 
of  the  dam,  intake  structure,  spillway,  and  the  outlet  works.  The  road'* 
will  be  paved  with  asphaltic  concrete  after  the  dam  construction  traffic 
has  been  terminated.  Permanent  access  within  the  reservoir  and  upstream 
canyon  will  be  provided  by  a  graded,  unpaved  road  excavated  in  rock  and 
colluvium,  which  will  join  the  existing  unpaved  access  road  in  the 
streambed.  Generally,  turnouts  will  be  provided  approximately  500  to 
1,000  feet  apart  on  all  high  level  permanent  access  roads,  and  metal 
guardrails  will  be  provided  along  all  permanent  access  roads. 


Outlet  Works  Access 

9-02  The  access  road  to  the  downstream  portal  of  the  outlet  works  will 
extend  off  Greenspot  Road  approximately  1,200  feet  north  of  the  existing 
Greenspot  Road  Bridge  over  the  Santa  Ana  River.  The  road  will  be  a 
maximum  of  30  feet  wide  with  a  paved  width  of  20  feet.  The  road  will  be 
paved  with  2  inches  of  asphalt  concrete  on  4  inches  of  aggregate  base 
course.  A  steel  gate  will  be  installed  at  the  Greenspot  Road  entrance 
to  prohibit  unauthorized  use  of  the  road.  The  road  will  generally 
parallel  the  west  bank  of  the  Santa  Ana  River  before  crossing  over  to 
the  east  bank  near  the  existing  SCE  Powerhouse  No.  3  to  continue  access 
to  the  outlet  works  (pis.  11  through  15). 
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9-03  A  bridge  will  be  installed  to  bypass  the  existing  steel  truss 
bridge  at  the  west  end  of  the  Francis  Cuttle  Weir  across  from  SCE 
Powerhouse  No.  3.  The  bridge  will  allow  crossing  over  the  Santa  Ana 
River  to  the  east  bank  under  the  maximum  design  discharge  from  the 
outlet  works.  The  road  will  then  generally  parallel  the  east  bank  of 
the  Santa  Ana  River  to  access  the  outlet  works  downstream  portal  area. 
The  bridge  will  span  80  feet  across  the  river  and  will  be  of  reinforced 
concrete  construction.  Depending  on  its  eligibility  status,  the 
existing  truss  bridge  will  be  abandoned/preserved/demolished  after  the 
new  bridge  is  installed.  The  existing  bridge  is  currently  being 
evaluated  for  eligibility  for  listing  in  the  National  Register  of 
Historic  Places.  If  found  ineligible,  the  existing  bridge  will  be 
abandoned  and  removed  from  the  site  to  prevent  any  safety  hazards. 

9-04  On  the  left  side  of  the  stream,  downstream  of  the  outlet  works 
portal,  a  parking  area  will  be  provided  for  post-project  operation  and 
maintenance  vehicles.  The  parking  lot  will  be  located  on  a  compacted 
fill  area.  The  fill  will  consist  of  material  that  will  be  unsuitable 
for  embankment  construction  from  the  Government  Canyon  ridge,  the 
spillway  excavation  and  the  abutment  excavation  operations  as  well  as 
other  project  required  excavations. 


Daa  Crest  Access 

9-05  The  access  road  to  the  crest  of  the  dam  will  consist  of  two 
segments  (pis.  16  and  17).  The  first  segment  consists  of  improving 
18,350  feet  of  the  existing  unpaved  Alder  Creek  Road  off  Greenspot  Road 
by  widening  from  its  present  width  of  approximately  16  feet  to  30  feet. 
The  second  segment  consists  of  constructing  a  new  extension  off  the 
existing  Alder  Creek  Road  to  access  the  top  of  the  dam.  The  extension 
will  be  excavated  primarily  in  rock  to  a  width  of  30  feet.  The  improved 
Alder  Creek  Road  and  extension  will  be  paved  with  2  inches  of  asphalt  on 
4  inches  of  aggregate  base  course  for  a  width  of  20  feet  after  the  dam 
construction  has  been  terminated.  The  entrance  to  the  road  extension 
will  be  gated.  A  sign  will  be  placed  indicating  that  the  remainder  of 
Alder  Creek  Road  is  unimproved  so  that  public  users  are  aware  of  the 
road  conditions  lying  ahead.  The  top  of  dam  will  be  provided  with  a 
paved  service  road  consisting  of  2  inches  of  asphalt  concrete  on 
12  inches  of  minus  3  inch  (dam  embankment  zone  2)  or  minus  9  inch  (zone 
4)  material  for  a  width  of  20  feet.  The  service  road  will  run  along  the 
top  of  the  dam  for  a  length  of  approximately  2,980  feet.  See  plate  6 
for  details, 

9-06  All  roadway  side  slope  cuts  in  rock  will  be  excavated  to  a  slope 
of  4V  on  1H.  Benches  will  be  provided  for  cuts  higher  than  20  feet. 

The  roads  can  be  excavated  by  bulldozers  with  rippers  in  most  areas, 
with  some  locations  requiring  drilling  and  blasting.  The  excavated 
materials  may  be  used  for  the  base  course  and  in  roadway  fills  across 
gullies  and  ravines.  However,  excess  materials  will  be  hauled  away  and 
placed  in  designated  stockpiles  or  disposal  areas. 
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9-07  A  number  of  existing  storm  drains  and  culverts  across  gullies  and 
ravines  along  Alder  Creek  Road  will  require  extensions  or  replacements 
with  corrugated  metal  pipe  culverts.  Storm  drains  and  culverts  will 
also  be  installed,  as  necessary,  along  the  Alder  Creek  Road  extension. 
The  road  drainage  would  be  designed  for  50  year  rainfall  intensity. 


Intake  Structure  Access 

9-08  The  intake  structure  access  road  (pi.  21)  will  extend  from  the 
road  on  the  top  of  the  dam  and  will  loop  around  the  west  abutment  onto 
the  upstream  face  of  the  dam.  The  road  will  then  be  constructed  across 
the  upstream  embankment  face  at  about  a  6  percent  grade.  The  road  will 
then  traverse  part  of  the  east  abutment  until  the  road  terminates  at  the 
intake  structure  at  approximately  elevation  2,299  feet  NGVD.  The  road 
will  be  single  laned,  with  turnouts  and  shoulders,  gated  at  the  top  of 
the  dam  and  paved  10  feet  wide  with  asphalt  concrete  on  aggregate  base 
course  or  grouted  stone.  Gate  details  are  shown  on  plate  18.  The  road 
fill  section  across  the  dam  will  consist  of  minus  12-inch  (dam 
embankment  zone  3)  material  placed  over  the  upstream  shell  of  the  dam. 


Spilluay  Access 

9-09  The  spillway  access  road  (pi.  18)  will  extend  from  the  road  on  the 
top  of  the  dam  and  follow  the  reservoir  rim  to  the  spillway  location. 

The  road  will  join  the  spillway  at  approximately  elevation  2,596  feet 
NGVD.  The  road  to  the  spillway  will  be  30  feet  wide  and  excavated  in 
the  east  (left)  abutment  rock.  The  excavation  may  require  some 
blasting.  The  road  will  be  paved  with  asphalt  concrete  on  aggregate 
base  course  for  a  20-foot  width.  A  steel  gate  will  be  provided  before 
the  spillway  for  safety  reasons. 


Canyon  Access 

9-10  The  upstream  canyon  access  road  (pis.  19  and  20)  will  extend  from 
the  spillway  access  road  to  the  upstream  edge  of  the  spillway,  then 
follow  the  reservoir  rim  to  an  existing  unpaved  access  road  in  Warm 
Springs  Canyon  where  it  will  be  gated.  The  road  will  be  excavated  to  a 
width  of  30  feet  and  will  remain  unpaved.  Since  this  road  will  be 
constructed  above  the  existing  SCE  open  flume  line,  protective  measures 
will  be  taken  during  construction  to  minimize  possible  damage  to  the 
flume  line  prior  to  its  relocation.  The  road  will  enter  Warm  Springs 
Canyon  at  approximately  elevation  2,^00  feet  NGVD,  which  is  at  a 
reservoir  frequency  level  of  20  years  at  the  end  of  project  life.  The 
existing  unpaved  access  road  in  Warm  Springs  Canyon  can  be  used  to 
access  the  upper  Santa  Ana  River  canyon. 
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Geometric  Design 


9-11  Vehicular  access  roads  will  be  designed  in  accordance  with 
Department  of  the  Army  TM  5-822-2,  General  Provisions  and  Geometric 
Design  for  Roads,  Streets,  Walks,  and  Open  Storage  Areas.  The  roads 
will  be  designed  as  minimal  all-weather  low  usage  roads  for  maintenance 
type  traffic.  Design  criteria  used  for  the  access  roads  to  the  top  of 
the  dam,  spillway,  outlet  works  and  within  the  reservoir  and  upstream 
canyon  will  be  for  Class  E,  two-lane,  mountainous  roads.  The  access 
road  from  the  top  of  the  dam  to  the  intake  structure  will  be  designed 
using  criteria  for  a  Class  F,  single-lane  road.  Due  to  the  mountainous 
terrain,  some  of  the  curve  radii  will  be  shorter  than  that  recommended 
in  the  TM.  To  compensate  for  this  deviation,  the  recommended  speed 
limits  in  these  areas  will  be  adjusted  lower. 


Pavement  Design  Values 

9-12  The  flexible  pavement  forming  the  paved  access  roads  will  be 
designed  in  accordance  with  Department  of  the  Army  TM  5-822-5.  Based  on 
test  of  similar  types  of  materials,  a  preliminary  California  Bearing 
Ratio  (CBR)  value  of  20  can  be  assigned  to  the  subgrade  when  the 
materials  are  compacted  to  90  percent  of  maximum  density  as  determined 
in  accordance  with  ASTM  Method  D-1557.  Public  use  of  the  roads  will  be 
limited  to  the  improved  Alder  Creek  Road.  The  other  roads  will  be 
accessible  only  to  the  United  States  Forest  Service  for  forest 
management,  to  SCE  for  access  to  their  facilities,  and  to  the  Corps  of 
Engineers  and  others  needed  for  operations,  maintenance,  and 
inspections.  The  average  number  of  daily  vehicle  passes  is  estimated  to 
be  less  than  25  on  each  lane.  The  traffic  to  which  the  roads  will  be 
exposed  will  include  some  small  trucks  and  a  few  heavy  trucks.  Based  on 
the  above  information,  the  flexible  pavements  will  be  designed  in 
accordance  with  the  following  values: 


Access  Road-Top  of  Dam 
Access  Roads  to  the  Intake  Structure 

Category  of  Traffic  III  III 

Class  of  Road  E  F 

Design  Index  3  2 

9-13  A  preliminary  pavement  section  for  the  paved  access  roads  will 
consist  of  a  2-inch  asphaltic  concrete  layer  on  4  inches  of  an  aggregate 
base  course  over  6  inches  of  native  materials  compacted  to  95  percent  of 
maximum  density. 


Drainage  Structures 

9-14  Drainage  structures  will  be  provided  at  selected  locations  and  at 
gullies  and  ravines  where  local  runoffs  will  be  collected.  Excess  water 
over  the  capacity  of  the  structures  will  drain  across  the  road.  The 
sizes  of  the  drainage  structures  will  be  determined  on  the  basis  of  a 
50-year  frequency  storm. 
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X.  SITE  RESTORATION 


10-01  Flans  for  site  restoration  at  the  borrow  areas,  haul  and  access 
routes,  contractor  work  areas,  and  for  general  clean-up  were  developed 
in  coordination  with  local  interests,  Forest  Service  representatives, 
and  District  environmental  personnel  to  address  operational,  esthetic, 
and  environmental  concerns.  Primary  concerns  centered  on  impacts  to 
existing  water  conservation  spreading  operations  and  water  distribution 
systems  in  the  vicinity  of  the  downstream  pervious  borrow  area  and 
associated  haul  and  access  routes  to  the  dam.  To  further  reduce  site 
impacts  from  the  system  of  construction  haul  and  access  roads,  the 
number  of  temporary  roads  will  be  kept  to  a  minimum.  However,  some  of 
the  temporary  construction  roads  will  remain  and  be  incorporated  into 
the  post-project  permanent  access  road  system.  All  other  temporary 
roads  will  be  regraded  and  seeded  to  return  to  natural  vegetation.  The 
recommended  mitigation  plan  calls  for  riparian  revegetation  on  60  acres 
of  land  between  Greenspot  Road  and  the  Seven  Oaks  damsite  along  the 
Santa  Ana  River,  exclusive  of  the  permanent  access  roads  and  the  dam 
tender's  site.  This  would  be  implemented  after  the  dam  construction  is 
completed. 

10-02  Haul  routes  and  contractor  work  areas  were  located  to  cause 
minimum  damage  to  the  terrain  and  to  preserve,  within  practical  limits, 
the  natural  state  of  the  project  area.  Clearing  and  grading  will  be 
stipulated  for  all  required  contractor  work  areas.  Erosion  control 
measures  will  be  provided  for  all  existing  improved  and  relocated  roads 
within  the  project  area,  as  well  as  for  the  dam  embankment  itself. 


II.  RECREATION 

11-01  The  recreation  plan  proposed  for  the  Seven  Oaks  Dam  was  presented 
in  the  Supplement  to  the  Phase  I  GDM  and  included  trails,  picnic  areas 
and  two  intensive  use  areas.  The  plan  had  been  developed  as  a  part  of 
an  intensive  cooperative  planning  effort  conducted  under  the  terms  of 
the  13  August  1964  Memorandum  of  Agreement  (MOA)  between  the  Secretary 
of  the  Army  and  the  Secretary  of  Agriculture.  The  MOA  states  that 
"planning  will  be  pointed  toward  achieving  the  maximum  public  benefits 
from  each  project,"  compatible  with  the  primary  purpose  of  the  water 
storage  facility.  The  Phase  I  Supplement's  recommended  plan  proposed 
development  of  low  density  recreation  facilities  on  project  lands  that 
will  result  in  a  positive  benefit-to-cost  ratio.  The  U.S.  Forest 
Service  furthermore  requested  consideration  of  "in  lieu  site"  recreation 
development  at  other  areas  within  the  national  forest  that  were  more 
accessible  than  the  Seven  Oaks  site.  Further  study  of  "in  lieu  site" 
recreation  development  was  not  undertaken  because  it  was  not  consistent 
with  Corps  of  Engineers  policy  regarding  recreation  development. 

11-02  The  U.S.  Forest  Service  (USFS)  has  recently  completed  a  draft  San 
Bernardino  National  Forest  Land  and  Resource  Management  Plan.  The 
recreation  plan  presented  in  the  Phase  I  Supplemental  GDM  was  not 
consistent  with  this  document.  The  Forest  Service,  in  a  letter  dated  13 
October  1987  to  the  Corps  of  Engineers,  requested  that  the  recreation 
plan  proposed  for  Seven  Oaks  Dam  be  consistent  with  their  Land  and 
Resource  Management  plan.  Due  to  the  inconsistency  of  the  two  plans, 
further  studies  on  recreational  development  at  Seven  Oaks  Dam  will  not 
be  considered  at  this  time.  In  the  future,  if  there  are  any  changes  in 
the  design  operation  and  maintenance,  especially  in  the  event  of  a  water 
conservation  pool  being  developed  behind  the  dam,  a  re-evaluation  of 
National  Forest  Management  objectives  within  the  project  area  will  be 
undertaken . 

11-03  The  existing  recreation  setting  of  Seven  Oaks  is  a  relatively 
pristine  natural  area  located  within  the  San  Bernardino  National 
Forest.  Recreational  use  of  the  canyon  in  the  past  has  been  low  to 
moderate  due  to  its  restricted  access.  The  site  offers  opportunities 
for  hunting,  fishing,  hiking,  picnicking,  backpacking  and  equestrian 
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uses.  The  USES  Land  and  Resource  Management  plan  prescribes  an  emphasis 
on  "dispersed"  recreation  opportunities  that  will  be  compatible  with  the 
proposed  design  of  an  earth  and  rock  filled  dam  with  a  seasonally 
operated  debris  pool.  USFS  prefers  development  with  no  hard  structures 
such  as  picnic  facilities  and  restrooms.  The  USFS  plan  emphasizes  an 
ideal  "natural"  or  "wilderness"  recreation,  acessible  by  foot  traffic 
only.  This  bare  minimum  accessible  trail  will  lead  the  public  to 
hiking,  fishing,  and  camping  opportunities.  See  Appendix  D  for  the 
Seven  Oaks  Dam  Resource  Use  Master  Plan. 
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XII.  EtfVIBONMEMTAL  ANALYSIS 


Environmental  Impacts 


SEDIMENTATION 

12-01  Seven  Oaks  Dam  has  a  sediment  storage  allocation  of  32,000  acre- 
feet  of  sediment  during  project  life.  As  a  result  of  detailed  sediment 
distribution  studies  in  the  Phase  II,  it  was  estimated  that  a  much 
greater  depth  of  accumulation  would  occur  than  previously  reported  in 
the  Phase  I  Supplemental  GDM.  The  estimated  sediment  at  the  intake 
after  100  years  was  increased  from  80  feet  to  165  feet  deep.  While  the 
depth  of  sediment  accumulation  has  increased,  the  physical  configuration 
of  the  canyon  has  limited  the  areal  extent  of  the  increased  sediment 
distribution. 

12-02  Construction-related  impacts,  such  as  construction  of  haul  and 
access  roads,  and  borrow  areas,  will  liberate  sediment  from  exposed  soil 
surfaces.  The  abutment  excavation  will  also  expose  material  to  the 
weathering  process.  Increased  turbidity  to  surface  water  is  expected, 
with  fines  and  silts  from  loosely-consolidated  sub-surface  materials 
contributing  the  most.  It  is  expected  that  heavy  rains  after  project 
construction  begins  will  carry  excavated  debris  and  other  fine  particles 
into  water  courses,  which  will  result  in  increased  turbidity.  Increased 
erosion  will  also  result  on  newly-exposed  materials. 

12-03  The  presence  of  Seven  Oaks  Dam  will  significantly  reduce  the 
amount  of  sediment  moving  downstream.  As  described  in  the  1985  Phase  I 
Supplemental  GDM,  Supplemental  Environmental  Impact  Statement  (SEIS) 

(pp.  75-76),  the  character  of  the  outwash  plain  below  the  dam  will 
change,  although  tributaries  downstream  of  the  dam  will  continue  to 
transport  and  deposit  sediment.  Impacts  resulting  from  sediment 
accumulation  behind  the  dam,  as  well  as  the  reduction  in  sediment 
downstream,  have  been  addressed  in  the  1985  Phase  I  SEIS. 
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HATER  RESOURCES 


Hydrology  and  Hater  Use 

12-04  Impacts  to  hydrology  and  water  use  have  not  changed  significantly 
from  the  1985  Phase  I  SEIS. 

Water  Quality 

12-05  Impacts  to  water  quality  have  changed  since  the  Phase  I  SEIS. 

The  U.S.  Forest  Service  will  not  be  developing  recreation  as  previously 
planned  in  the  Phase  I.  Only  "non-developed"  recreation  will  be  allowed 
in  the  project  area.  Therefore,  recreational  use  is  not  expected  to 
increase  significantly,  and  coliform  counts  and  turbidity  will  not  be  as 
great  as  expected. 

12-06  Impacts  to  water  quality  are  not  expected  to  be  significant. 
However,  it  is  possible  that  organic  material  and  nutrients  would  cause 
algae  blooms  and  anoxic  conditions  upon  initial  reservoir  filling, 
particularly  if  vegetation  is  not  removed.  The  potential  for 
significant  impacts  to  occur  does  exist,  however,  if  any  construction- 
related  fluids  should  escape  containment  areas.  Considerable 
construction-related  turbidity  is  expected  for  relatively  short  duration 
during  runoff  events.  The  turbidity  may  appear  significant  in  the  Santa 
Ana  River,  but  it  is  doubtful  that  the  impacts  from  it  would  be 
significant.  Similiar  turbidity  appears  naturally  during  the  initial 
storm  events  of  the  season  as  natural  accumulations  of  sediment  from 
weathered  rocks  and  dust  are  washed  into  the  watercourses.  A  beneficial 
impact  is  more  recharge  to  groundwater  of  high  quality  runoff  stored  in 
the  debris  pool. 


AIR  QUALITY 

12-07  Impacts  to  air  quality  have  not  changed  significantly  from  the 
1985  Phase  I  SEIS. 

LAND  USB  AMD  SOCIAL  CQHCBRHS 

Important  Farmlands 

12-08  No  farmlands  would  be  impacted  at  the  reservoir  site.  The  Mill 
Creek  borrow  site  contains  important  farmlands  which  will  be  impacted. 
Since  the  borrow  site  is  proposed  for  urban  development,  however,  the 
project  will  not  create  impacts  to  important  farmlands  that  are  not 
already  projected. 
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Starvation 


12-09  Impacts  to  existing  recreational  opportunities  due  to 
construction  activities  and  structural  improvements  have  been  addressed 
in  the  1985  Phase  I  SEIS.  Since  the  Phase  I  SEIS,  the  U.S.  Forest 
Service  has  withdrawn  their  request  for  "in  lieu"  recreational 
development  in  the  National  Forest.  In  keeping  with  the  wilderness 
character  of  the  San  Bernardino  National  Forest,  developed  features 
(picnic  areas,  restrooms,  etc.)  will  not  be  included  in  the  overall 
recreation  plan. 

Growth  Inducement 

12-10  Growth  inducement  as  a  result  of  the  construction  of  Seven  Oaks 
Dam  has  been  addressed  in  the  1985  Phase  I  SEIS. 

TRANSPORTATION  AND  UTILITIES 

Utilities 

12-11  The  U.S.  Forest  Service  access  road  will  be  relocated  to  maintain 
continued  access  for  USFS  and  SCE  personnel  to  manage  and  operate  their 
facilities.  The  Southern  California  Edison  transmission  line  and  flume 
system  and  the  Bear  Valley  Mutual  Water  Company  well  will  be  relocated 
due  to  reservoir  floods  and  sediment  accumulation  that  will  impact  them. 
The  Southern  California  Edison  Powerhouse  #2  will  also  be  impacted  by 
floods  and  accumulating  sediment. 

Aocess 

12-12  Impacts  are  expected  to  occur  to  the  existing  Alder  Creek  Road. 
These  impacts  have  been  addressed  in  the  1985  Phase  I  SEIS. 

Transport  of  Borrow  Materials 

12-13  Borrow  material  will  be  transported  to  the  damsite  from  the 
downstream  pervious  borrow  area  and  the  impervious  borrow  area,  via 
temporary  constructed  haul  routes.  Some  impact  to  the  existing 
Greenspot  Road  and  the  USFS/SCE  access  road  is  expected,  in  terms  of 
usage  and  heavy  construction  vehicle  cross  traffic  due  to  intersections 
with  haul  routes  (pis.  24  through  26). 

NOISE 

12-14  The  Seven  Oaks  Dam  area  is  a  relatively  undisturbed  area,  with 
little  human-induced  noise.  The  project  will  have  short-term  impacts  to 
the  environment,  as  construction-related  noise  will  be  present. 

BIOLOGICAL  RESOURCES 

12-15  The  1985  Phase  I  SEIS  addressed  impacts  to  biological  resources, 
with  the  exception  of  borrow  areas,  haul  and  access  routes,  disposal 
areas  and  any  changed  conditions.  In  total,  534  acres  of  upland  habitat 
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will  be  impacted  in  the  vicinity  of  the  dam  (only  127  acres  will  be 
permanently  lost).  Twenty-six  acres  of  riparian  habitat  and  4.6  miles 
of  aquatic  stream  habitat  will  also  be  lost.  Between  350  and  764  acres 
of  alluvial  scrub  will  be  lost  due  to  the  excavation  of  the  pervious 
borrow  site.  About  1,000  acres  could  be  excavated  at  the  impervious 
borrow  site  of  which  70  percent  is  vegetated  with  Chaparral  and  Coastal 
Sage  Scrub. 

12-16  Eriaatrum  and  Centrostegla,  two  plant  species,  have  been  listed 
on  the  Federal  Endangered  Species  list  as  of  September  1987.  The 
construction  of  Seven  Oaks  Dam  will  impact  Eriastrum.  The  project  will 
not  impact  Centrostegla.  Direct  impacts  to  Eriastrum  will  come  about  a3 
a  result  of  the  dam  construction,  and  the  excavation  of  the  pervious 
borrow  area,  which  is  just  downstream  of  the  dam.  Additional  impacts 
will  result  from  the  reduction  of  floodflows  once  the  dam  is  in  place. 
The  Eriastrum  is  dependant  upon  the  deposition  of  fresh  sand  from  flood 
flows  in  order  to  disperse  and  outcompete  other  plant  species. 

CULTURAL  RESOURCES 

12-17  The  proposed  Seven  Oaks  Dam  will  be  comprised  of  a  number  of 
features,  the  construction  of  which  will  have  the  potential  for  directly 
impacting  cultural  resources.  These  features  include  the  dam 
embankment,  levels  of  reservoir  inundation,  access  and  haul  roads, 
parking  lots  and  borrow  areas.  The  construction  activities  will  impact 
three  prehistoric  sites,  and  36  historic  sites.  Two  of  the  historic 
sites  (but  ndne  of  the  prehistoric  sites)  are  eligible  for  inclusion  in 
the  National  Register  of  Historic  Places  (NRHP).  Seventeen  of  the 
historic  sites  are  not  considered  eligible  for  listing  on  the  NRHP.  The 
remaining  sites  have  yet  to  be  determined  for  eligibility. 


Mitigation 


BIOLOGICAL  RESOURCES 

12-18  The  9  July  1987  Chief  of  Engineers  Report  provided  guidance  in 
respect  to  the  mitigation  package  that  was  developed  for  the  1985 
document  (acquisition  of  Filaree  Flats,  Section  5  and  replacement 
habitat  on  Santa  Ana  Wash  and  Bear  Creek).  The  Report  stated  that 
impacts  to  fish  and  wildlife  resources  were  overstated  and  that  the 
least-cost  efficient  component  of  the  approved  mitigation  package  be 
modified  or  deleted.  Filaree  Flats  was  specifically  identified  for 
inclusion  in  the  mitigation  plan. 

12-19  Approximately  60  acres  of  relatively  level  land  in  the  vicinity 
of  the  streambed,  just  downstream  from  the  dam  and  upstream  from 
Greenspot  Road,  have  been  identified  for  development  of  riparian 
habitat.  These  60  acres  are  expected  to  have  sufficient  quantities  of 
groundwater  close  enough  to  the  surface  to  maintain  riparian  vegetation 
after  2  years  of  irrigation  support.  Mitigation  improvements  needed  to 
develop  this  riparian  habitat  will  include  site  preparation,  plant 
material,  and  a  temporary  irrigation  system. 
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12-20  The  endangered  species  Section  7  consultation  for  the  Eriastrum 
between  the  USFWS  and  the  COE  has  not  been  formally  concluded.  However, 
informal  agreement  was  reached  shortly  before  completion  of  this  final 
Phase  II  GDM.  The  COE  and  USFWS  agree  that  approximately  700  acres  of 
the  Santa  Ana  River  Wash  between  Greenspot  Road  and  the  Norton  Air  Force 
Base  are  necessary  to  ensure  that  the  Eriastrum  can  persist  into  the 
future.  Areas  targeted  for  acquisition  are  illustrated  in  the  Main 
Report  and  SEIS.  The  detailed  rationale  for  this  mitigation  is 
presented  in  the  SEIS. 

CULTURAL  RESOURCES 

12-21  During  the  Phase  II  studies,  a  Memorandum  of  Agreement  (MOA)  will 
be  signed  with  the  Advisory  Council  on  Historic  Preservation  and  the 
State  Historic  Preservation  Officer  that  will  ensure  that  the  Corps  will 
mitigate  for  impacts  to  significant  cultural  resources  in  the  area  of 
potential  effect. 
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XXII 


DIVERSION  AID  CONTROL  OF  HATER  DURING  CONSTRUCTION 


13-01  The  diversion  and  control  plan  for  Seven  Oaks  Dam  presented 
herein  takes  into  consideration  each  of  the  three  outlet  works  control 
alternatives:  downstream  control,  upstream  control,  and  mid-tunnel 
control.  The  outlet  works  design  with  downstream  control  uses  an 
18-foot-diameter,  concrete-lined  tunnel  for  diversion  during  the  initial 
construction  of  the  dam.  As  the  embankment  fill  construction  rises  in 
elevation,  an  11-foot  diameter  steel  penstock  will  be  installed  within 
the  concrete-lined  tunnel  for  subsequent  diversion  use  and  for  the 
operational  requirements  of  the  dam.  The  outlet  works  design  with 
upstream  control  uses  an  18-foot-diaaeter ,  concrete-lined  tunnel  with  an 
upper  access  gallery  for  diversion  during  the  construction  of  the  dam. 
This  same  tunnel  will  be  used  for  the  operational  requirements  of  the 
dam.  For  the  mid-tunnel  control  alternative,  the  outlet  work3  design 
uses  an  1 8-foot-diameter ,  concrete-lined  tunnel  for  diversion  during  the 
construction  as  well  as  for  the  subsequent  operational  requirements  of 
the  dam.  See  also  discussion  in  Section  V,  Hydraulic  Design. 


Cofferdam 

13-02  An  evaluation  of  impacts  from  dam  breach  overflows  for  various 
cofferdam  heights  was  made  to  determine  two  threshold  cofferdam  heights. 
The  first  represented  the  height  at  which  the  overflow  resulting  from  a 
breach  during  initial  overtopping  will  not  induce  any  damages  downstream, 
particularly  to  SCE  powerhouse  No.  3  located  about  one  mile  downstream 
from  the  project  site;  the  second  represented  the  height  at  which  the 
overflow  resulting  from  a  breach  during  initial  overtopping  will  induce 
damage  at  SCE  Powerhouse  No.  3,  but  not  to  any  downstream  development. 

The  heights  were  determined  to  be  50  feet  and  75  feet,  respectively. 

13-03  The  two  threshold  cofferdam  heights  were  then  evaluated  for  the 
diversion  capacity  afforded  when  combined  with  an  1 8-foot-diameter 
outlet  tunnel.  Flood  routings  indica-ed  that  the  50-foot-high  cofferdam 
will  provide  diversion  capacity  up  to  a  18-year  flood  event  and  that  a 
75-foot-high  cofferdam  will  provide  diversion  capacity  up  to  a  26-year 
flood  event  (fig.  5).  A  diversion  capacity  for  between  10-  and  15-year 
flood  events  is  in  the  realm  of  normal  practice  for  the  purpose  of 
protecting  the  below  streambed  work  area  during  foundation  excavation, 
foundation  grouting  and  below  streambed  fill  placement.  The  below 
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streambed  work  will  require  approximately  a  13-month  period  to  be 
completed.  Therefore,  based  on  the  adequate  diversion  capacity,  lower 
cost  for  construction,  and  the  virtual  elimination  of  the  risk  to  SCE 
Powerhouse  No.  3  and  downstream  development,  the  50-foot-high  cofferdam 
was  selected. 

13-04  The  cofferdam  will  be  constructed  with  a  height  of  50  feet.  The 
cofferdam  will  be  constructed  across  Government  Canyon  with  the  right 
(west)  end  tied  into  the  right  abutment  rock  mass  of  the  main  embankment 
and  the  left  (east)  end  tied  into  Government  Canyon  ridge  (pi.  23).  The 
cofferdam  will  be  continued  across  the  Santa  Ana  River  with  the  right 
end  tied  into  Government  Canyon  ridge  and  the  left  end  tied  into  the 
left  abutment  rock  mass  of  the  main  embankment.  The  cofferdam  will  be 
constructed  along  the  upstream  toe  of  the  main  embankment  (pi.  23). 

13-05  The  existing  streambed  elevation  in  Government  Canyon  is 
approximately  2,125  feet  NGVD.  The  top  elevation  of  the  Government 
Canyon  portion  of  the  cofferdam  will  be  at  2,175  feet  NGVD.  The 
existing  3treambed  elevation  in  the  Santa  Ana  River  is  approximately  at 
2,100  feet  NGVD.  The  top  elevation  of  the  Santa  Ana  River  portion  of 
the  cofferdam  will  be  at  2,150  feet  NGVD. 

13-06  The  cofferdam  will  be  constructed  from  processed  alluvium 
excavated  from  the  foundation  of  the  main  embankment.  In  addition, 
approximately  800,000  cubic  yards  of  material  will  be  excavated  from 
Government  Canyon  ridge  to  form  a  drainage  channel  connecting  Government 
Canyon  with  the  Santa  Ana  River.  The  purpose  of  this  drainage  channel 
is  to  allow  flows  from  Government  Canyon  to  reach  the  diversion  tunnel. 


Outlet  Works 

13-07  Diversion  and  control  of  water  during  construction  of  the  outlet 
tunnel  would  be  minimal  due  to  the  offset  location  of  the  inlet  portal 
from  the  main  river  channel.  Low  dikes  may  be  constructed  at  the 
portals  to  prevent  damages  from  a  10-year  flood  event.  Construction  of 
the  tunnel  will  likely  proceed  from  the  downstream  end  and  the  tunnel 
will  not  be  completely  open  until  the  summer  months,  when  the  flood 
threat  is  minimal.  The  approach  channel  will  be  excavated  prior  to  the 
below  streambed  construction.  A  general  plan  and  details  of  the  outlet 
works  are  presented  in  Appendix  B.  The  pre-formed  plunge  pool  energy 
dissipator  will  be  constructed  prior  to  diversion  of  the  river. 


Main  Embankment 

13-08  Construction  on  the  embankment  will  be  scheduled  to  begin  in 
April  of  main  embankment  construction  year  1  with  the  mobilization  of 
equipment  to  the  site  (pi.  30).  Summer  season  diversion  efforts  through 
the  18-foot  diameter  outlet  tunnel  will  begin  with  the  excavation  of  the 
foundation  and  approach  channel,  installation  of  the  slurry  trench 
cutoff,  dewatering  wells,  and  construction  of  the  cofferdam  in  Hay  of 
year  1.  The  50-foot-high  cofferdam  is  expected  to  be  completed  in  three 
months  along  with  the  slurry  trench,  excavation  of  the  approach  channel 
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to  the  outlet  tunnel,  and  installation  of  dewatering  wells.  Excavation 
of  the  foundation,  approximately  2.5  million  cubic  yards  (rnyds^)  of 
material,  is  expected  to  take  the  next  4  to  5  months  until  the  end  of 
September.  Summer  diversion  requirements  are  expected  to  be  minimal, 
with  the  Southern  California  Edison  Company  (SCE)  diverting  most  of  the 
streamflows  into  their  aqueduct  and  around  the  damsite.  Therefore, 
summer  diversion  will  consist  mostly  of  groundwater  flow  brought  to  the 
surface  by  the  slurry  trench.  These  flows  will  be  diverted  through  the 
tunnel.  Grouting  of  the  foundation  is  expected  to  take  4  months  until 
the  end  of  January  (year  2).  Approximately  4.5  myds^  of  embankment  fill 
will  then  be  placed  below  streambed  to  the  tunnel  inlet  invert  elevation 
2,100  feet  NGVD.  The  placement  of  embankment  fill  below  streambed  is 
expected  to  take  6  months  until  the  end  of  July.  As  shown  on  plate  30, 
the  construction  activities  below  streambed,  including  the  cofferdam, 
will  require  14  months,  starting  in  May  of  year  1  and  ending  as  early  as 
the  end  of  the  following  July  of  year  2.  Therefore,  the  50-foot-high 
cofferdam  and  the  18-foot  diameter  diversion  tunnel  will  offer 
protection  to  the  below  streambed  work  for  a  18-year  flood  event  for  one 
rainy  season  from  November  to  March.  Refer  to  figure  5. 


13-09  The  first  stage  of  above  streambed  construction  on  the  dam  will 
be  to  raise  the  embankment  level  with  the  top  of  the  50-foot-high 
cofferdam  (El.  2,150  ft.  NGVD).  See  plate  31.  This  will  require 
placement  of  approximately  4  myds’  of  embankment  fill  and  is  expected  to 
take  4  months.  Therefore,  the  first  stage  of  embankment  construction 
(to  El.  2150  ft.  NGVD)  can  be  accomplished  as  early  as  the  end  of 
November  (year  2).  The  cofferdam  will  provide  protection  to  the  fill 
placed  and  to  the  placement  activities  to  this  level.  Failure  of  the 
cofferdam  by  overtopping  and  breach  formation,  although  unlikely,  will 
cause  damage  to  the  fill  placed;  however,  no  damage  will  be  induced  to 
downstream  development  (see  Emergency  Action  Plan  During  Construction 
inundation  mapping,  Appendix  C). 


13-10  The  second  stage  of  construction  on  the  dam  will  be  to  raise  the 
embankment  to  attain  100-year  overtopping  protection,  El.  2,310  ft.  NGVD 
for  downstream  and  mid-tunnel  outlet  works  control  (El.  2.317  ft.  NGVD 
for  upstream  outlet  works  control).  This  elevation  will  provide 
protection  greater  than  the  maximum  flood  of  record  at  the  site. 
Nevertheless,  downstream  communities  will  be  subject  to  risk  during  one 
winter  season  with  less  than  SPF  overtopping  protection.  Construction 
of  the  embankment  will  continue  beyond  elevation  2,310  NGVD  (2,317  NGVD 
upstream  control)  through  the  winter  season.  Assuming  a  finish  in 
November  (year  2)  for  the  first  stage  of  construction  to  elevation 
2,150  feet  NGVD,  construction  of  the  dam  to  the  100-year  level  will  be 
completed  about  13  months  later  at  the  end  of  December  (year  3).  Fill 
placement  will  average  1.1  myds^  per  month  to  place  the  13.6  myds^ 

(14.2  myds’)  required  to  reach  elevation  2,310  feet  NGVD  (2,317  feet 
NGVD  upstream  control). 


13-11  The  third  stage  of  construction  on  the  dam  will  be  to  raise  the 
embankment  to  attain  SPF  overtopping  protection,  El.  2,375  feet  NGVD  for 
downstream  and  mid-tunnel  outlet  works  control  (El.  2,334  feet  NGVD  for 
upstream  outlet  works  control)  with  the  18-foot  diameter  diversion 
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tunnel.  This  will  require  placement  of  5.4  myds^  (5.5  myds^)  of  fill 
and  is  expected  to  take  5  months  from  January  (year  4)  to  the  end  of 
May  (year  4).  With  the  downstream  control  alternative,  concurrent 
construction  on  the  11 -foot-diameter  steel  penstock  within  the  tunnel 
can  take  place  during  the  dry  season  from  April  to  October  (year  4).  In 
this  case,  the  embankment  must  be  constructed  up  to  elevation  2,476  feet 
NGVD  before  the  winter  season  begins  in  November  (year  4)  to  maintain 
SPF  overtopping  protection  due  to  the  reduced  diversion  capacity  of  the 
smaller  steel  penstock.  This  will  require  placement  of  an  additional 
7.2  myds’  (6.6  myds^)  of  embankment  and  will  take  7  months,  but  can  be 
completed  by  the  end  of  December  (year  4).  The  gate  transitions,  gate 
mechanisms,  and  intake  tower  will  be  installed  the  following  dry  season 
beginning  in  April  of  year  5  as  the  embankment  is  topped  out.  The  final 
5  myds-*  of  embankment  placement  is  expected  to  take  7  months  due  to 
reduced  production  rates  as  the  working  area  on  the  fill  becomes 
restricted.  Therefore,  the  dam  will  be  topped  out  by  the  end  of 
July  (year  5).  The  embankment  placement  schedule  is  shown  on  plate  31. 


Flood  Emergency  Plans 

13-12  Under  this  construction  schedule,  downstream  communities  will  be 
at  risk  of  substantial  induced  flooding  during  a  single  winter  season 
from  November  to  March  (year  3).  Flooding  would  occur  in  the  event  t.ie 
partially  constructed  dam  is  overtopped  and  breached  by  an  event  greater 
than  the  100-year  flood.  To  address  the  remote  possibility  of 
overtopping  flood  events  creating  downstream  hazards,  an  Emergency 
Action  Plan  During  Construction  has  been  prepared  in  draft  form  and 
included  as  appendix  C  to  this  volume.  The  plan  includes  inundation 
mapping  for  the  areas  downstream  from  the  dam  depicting  areas  which 
would  be  flooded  in  the  event  a  hypothetical  breach  occurred  during 
initial  overtopping  of  the  main  embankment  during  construction.  The 
flooding  is  depicted  for  a  hypothetical  breach  when  the  main  embankment 
is  at  a  height  of  100,  200,  300,  and  400  feet  in  height. 

13-13  Inundation  maps  depicting  areas  flooded  in  the  event  a 
hypothetical  breach  occurred  during  initial  overtopping  of  the  cofferdam 
are  also  shown  in  the  Emergency  Action  Plan.  Since  the  cofferdam  height 
was  established  at  the  threshold  level  at  which  no  damage  will  occur 
downstream  in  the  event  of  a  breach,  there  will  be  no  need  to  evacuate 
downstream  communities;  however,  people  will  be  warned  to  stay  out  of 
the  river.  Therefore,  a  plan  to  notify  local  emergency  service 
officials  i3  identified  for  such  an  event.  No  coordination  of  the 
Emergency  Action  plan  has  been  accomplished,  coordination  will  be 
scheduled  to  be  accomplished  prior  to  embankment  construction. 

13-14  The  plan  establishes  the  events  that  will  trigger  the 
notification  of  inspection  teams,  notification  of  key  personnel  within 
the  Los  Angeles  District  and  South  Pacific  Division  Offices,  inspection 
procedures  and  the  responsibilities  of  each  person  involved.  The  names 
and  phone  numbers  of  local  emergency  service  officials  will  be  included 
for  notification  in  the  event  an  evacuation  of  downstream  areas  is 
necessary . 
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13-15  The  plain  will  be  provided  to  the  Resident  Office  staff,  all 
personnel  on  the  notification  lists,  the  Reservoir  Operation  Center 
staff,  and  to  local  emergency  planning  officials.  The  local  emergency 
planning  officials  will  be  responsible  for  developing  and  implementing 
evacuation  plans.  A  meeting  will  be  held  with  local  officials  to 
provide  guidance  on  how  the  inundation  maps  may  be  used  in  evacuation 
planning  and  to  answer  any  questions  regarding  the  action  plan.  The 
construction  contractor  will  also  be  provided  copies  of  the  report  and 
will  be  briefed  prior  to  construction  and  each  flood  season  on  the 
responsibilities  of  key  personnel. 
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XIV.  REAL  ESTATE  REQUIREMENTS 

14-01  The  Seven  Oaks  Dam  is  located  approximately  8  miles  northeast  of 
the  City  of  Redlands  and  within  the  boundaries  of  the  San  Bernardino 
National  Forest. 

14-02  The  damsite  is  in  the  upper  Santa  Ana  River  canyon  in  rugged 
mountainous  terrain.  The  dam  will  be  an  earth-rockfill  structure 
550  feet  high  with  a  crest  length  of  2,980  feet,  40  feet  wide  at  the  top 
and  approximately  2,000  feet  wide  at  the  base.  The  spillway  is  unlined 
and  will  be  excavated  in  a  saddle  east  of  the  dam.  The  damsite  requires 
approximately  125  acres  of  private  land  and  will  be  purchased  in  fee. 
Mitigation  lands  include  649  acres  at  section  5  near  the  dam,  137.52 
acres  in  Filaree  Flat,  60  acres  in  the  streambed  between  Greenspot  Road 
and  the  dam,  and  700  acres  in  the  Santa  Ana  Wash  between  Norton  Air 
Force  Base  and  Greenspot  Road.  An  additional  one  acre  parcel  will  be 
required  in  the  area  between  the  dam  and  Greenspot  Road  for  a  permanent 
administration  building.  This  acre  will  be  purchased  in  fee.  The 
reservoir  will  cover  approximately  800  acres,  nearly  all  within  the  San 
Bernardino  National  Forest  and  have  a  capacity  of  145,600  acre-feet. 

14-03  The  material  to  be  used  for  the  construction  of  the  dam  will  come 
from  two  major  borrow  areas.  The  borrow  areas  will  be  acquired  as  an 
easement  for  a  10-year  period.  The  total  number  of  acres  within  the 
maximum  limits  of  the  downstream  pervious  borrow  area  is  764  acres  of 
which  631.66  is  privately  owned,  with  the  balance  being  Government  lands 
owned  by  the  Bureau  of  Land  Management.  See  plate  2.  The  area  within 
the  maximum  limits  of  the  downstream  pervious  borrow  is  a  conservative 
estimate  which  provides  for  more  land  than  is  required.  To  determine 
the  real  estate  cost,  a  more  reasonable  area  is  estimated  that  will 
provide  an  adequate  volume  of  material  for  embankment  construction  and 
which  is  strategically  located  for  construction  and  geotechnical 
reasons.  Note  preferred  area  boundaries  on  plate  2.  Based  on  these 
consideration,  approximately  415  acres  will  be  required  of  which  325 
acres  are  privately  owned  and  90  acres  are  Government  lands. 

14-04  The  downstream  pervious  borrow  area  will  be  located  in  the  water 
spreading  basins  operated  by  San  Bernardino  Valley  Water  Conservation 
District  (SBVWCD).  The  water  spreading  operation  will  be  maintained 
during  the  embankment  construction  by  using  a  phased  borrow  excavation 


XIV- 1 


plan  as  shown  in  Appendix  A,  plate  A-101.  According  to  the  plan,  the 
total  borrow  area  will  be  divided  into  sectional  areas  and  excavated  in 
sequence.  Dike  and  diversion  structures  will  be  replaced  in  the 
excavated  area  to  maintain  water  spreading  capability  as  the  borrow 
excavation  is  phased  into  the  next  area.  The  borrow  area  will  be 

excavated  to  an  average  depth  of  40  feet  (pi.  A-55).  The  cost  to  remove 

and  replace  the  SBVWCD  water  spreading  facilities  will  be  part  of  the 

relocation  cost  not  included  in  the  real  estate  estimate.  See  Section 

VIII. 

14-05  The  impervious  borrow  area  will  also  require  a  10-year  easement 
for  the  purpose  of  removing  materials  for  the  construction  of  the  dam. 
The  area  within  the  maximum  limits  of  the  impervious  borrow  is  mainly  in 
private  ownership,  the  largest  property  being  Sunrise  Ranch,  of  which 
814  acres  are  to  be  acquired  in  a  10-year  easement.  The  ranch  is  zoned 
Planned  Unit  Development  with  the  owner  having  an  approved  subdivision 
plan.  In  addition  to  the  Sunrise  Ranch,  approximately  100  acres  in 
three  tracts  are  required  for  a  total  of  914  acres  to  be  taken  in  a  10- 
year  easement  for  the  impervious  borrow  area.  One  hundred  seventy  acres 
of  U.S.  Forest  Service  land  will  also  be  used  for  this  purpose.  Based 
on  the  3ame  reasons  as  discussed  in  paragraph  14-03,  the  more  reasonable 
land  estimate  for  cost  purposes  requires  approximately  640  acres  of 
privately  owned  land  only.  Note  preferred  area  boundaries  on  plate  2. 

14-06  The  impervious  borrow  area  will  be  more  gently  sloping  in  hilly 
and  ravine  areas  after  the  removal  of  materials  by  the  borrow  operations 
at  the  end  of  the  10-year  easement.  The  borrow  area  will  be  excavated 
to  aui  average  depth  of  15  feet.  Two  existing  waterlines,  the  Greenspot 
pipeline  owned  by  the  San  Bernardino  Valley  Municipal  Water  District 
(SBVMWD)  and  the  Bear  Valley  Highline  owned  by  the  Bear  Valley  Mutual 
Water  Company,  are  located  within  the  impervious  borrow  area.  These 
utilities  will  be  avoided  or  protected  in-place  during  the  borrow 
operations. 

14-07  The  perpetual  road  easement  covers  the  existing  U.S.  Forest 
Service  road  right-of-way  and  will  be  increased  in  width  due  to  the 
proposed  road  improvements  for  project  access  in  the  rough  terrain.  Two 
private  ownerships  will  be  affected  requiring  easement  over 
approximately  37  acres. 

14-08  The  perpetual  flowage  easement  covers  the  reservoir  and  the  area 
downstream  of  the  spillway.  It  encumbers  approximately  953  total  acres, 
892  acres  being  Government  land  owned  by  the  U.S.  Forest  Service,  the 
balance  61  acres  in  three  private  ownerships. 

14-09  The  damsite,  section  5,  Filaree  Flat,  flowage  and  road  easements 
that  are  privately  owned  are  zoned  M-1  (limited  manufacturing).  The 
downstream  pervious  borrow  area  is  in  the  floodplain  and  is  zoned  FP-1 
and  FP-2.  The  impervious  borrow  area  is  zoned  PUD  (Planned  Unit 
Development). 

14-10  There  are  two  occupied  dwellings  within  the  impervious  borrow 
area  which  will  be  removed  or  razed  in  the  process  of  taking  the  borrow 
material  to  the  damsite. 
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14-11  There  is  a  two-grave  cemetery  at  the  damsite.  The  cemetery  is 
located  just  below  the  downstream  portal  of  the  outlet  works  tunnel.  It 
has  been  determined  that  the  cemetery  has  no  historical  significance  nor 
is  it  considered  a  cultural  resource.  The  local  sponsors  are  responsible 
for  relocating  the  graves  at  no  cost  to  the  Government. 

14-12  Approximately  2,736  acres  of  private  land  and  982  acres  of 
Government  land  will  be  required  for  the  project.  The  892  acres  of 
Government-owned  land  necessary  for  the  dam,  spillway,  and  reservoir  is 
under  the  jurisdiction  of  the  U.S.  Forest  Service.  The  Government-owned 
land  required  for  the  construction  of  the  dam  will  be  accomplished  by 
the  transfer  of  accountability  from  the  Forest  Service  to  the  U.S.  Army 
Corps  of  Engineers.  All  necessary  lands  for  the  flood  control  reservoir 
will  be  acquired  by  a  special  use  permit  from  the  Forest  Service  without 
any  transfer  of  accountability.  The  90  acres  of  Government-owned  land 
in  the  pervious  borrow  area  will  be  acquired  as  an  easement  for  a 
10-year  period.  A  special  use  permit  will  be  acquired  from  the  Bureau 
of  Land  Management  without  any  transfer  of  accountability.  The  approxi¬ 
mate  982  acres  of  Government-owned  land  will  be  acquired  at  no  cost  to 
the  project. 

The  estimated  real  estate  costs  of  Seven  Oaks  Dam  is: 


Damsite 

125  acres 

$  75,000 

Administrative  office  area 

1  acre 

2,000 

Impervious  borrow  area  (10-year  easement) 

640  acres 

2,560,000 

Downstream  pervious  borrow  area 
(10-year  easement) 

325  acres 

260,000 

Perpetual  road  easement 

37  acres 

11,000 

Perpetual  flowage  easement 

61  acres 

30,000 

Mitigation  lands  (Section  5,  west  of  dam) 

649  acres 

390,000 

Mitigation  lands  (Filaree  Flats) 

138  acres 

69,000 

Mitigation  lands  (streambed  below  dam) 

60  acres 

120,000 

Mitigation  lands  (Santa  Ana  Wash) 

700  acres 

2,450,000 

Subtotal 

2,736  acres 

5,967,000 

Contingencies  (20S) 

1,193,000 

Relocations  (PL  91-646) 

50,000 

Administrative 

248,000 

Total  Costs 

$7,458,000 
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XT.  FLOODUAT  DELINEATION 

15-01  A  preliminary  floodway  has  been  delineated  for  the  100-year  flood 
with  project  and  is  shown  on  plates  31*  and  35.  The  delineation  is  based 
upon  reconnaissance-level  floodplain  hydraulic  computations.  A  detailed 
evaluation  of  the  100-year  and  500-year  floodways  is  presently  scheduled 
as  a  separate  feature  design  memorandum.  The  detailed  floodplain  will 
be  delineated  at  that  time. 

15-02  The  floodway  will  be  evaluated  in  accordance  with  the  Federal 
Emergency  Management  Agency  (FEMA)  guidelines,  except  that  flows  under 
future  conditions  will  be  utilized  with  Seven  Oates  Dam  in  place  and 
operational.  The  local  sponsors  will  have  the  responsibility  to  manage 
the  floodway  and  fringe  floodplain  in  accordance  with  regulations 
established  by  FEMA. 
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XVI.  COST  ESTIMATES 

16-01  The  cost  estimates  are  based  on  unit  price  data  from  recent  bids 
for  similar  items  of  construction  on  other  projects  and  on  unit  prices 
derived  using  established  estimating  procedures.  Quantities  of 
principal  construction  items  were  estimated  based  on  detailed  designs. 
In  accordance  with  EM  1110-2-1301,  a  15  percent  contingency  is  added  to 
the  estimated  construction  cost. 


First  Cost 

16-02  The  first  cost  of  the  proposed  Seven  Oaks  Dam  is  presently 
estimated  at  $316,283,000  and  summarized  in  table  XVI- 1.  A  detailed 
estimate  of  the  first  cost  is  shown  in  table  XVI-2.  The  total,  flood 
control  first  cost,  includes  the  construction  of  the  embankment, 
spillway,  outlet  works,  associated  access  roads,  administration 
facilities,  hydrologic  facilities  and  communication  equipment.  Also 
included  are  costs  for  contingencies,  engineering  and  design, 
supervision  and  administration,  an  operation  and  maintenance  manual, 
land  acquisitions  and  easements,  relocation  of  impacted  facilities,  and 
biological  and  cultural  mitigations. 

16-03  Onit  prices  for  the  construction  items  are  derived  from  a 
breakdown  of  plant,  labor  and  material,  and  include  contractor  markups 
for  overhead,  bond  and  profit.  The  estimated  prices  are  based  on  the 
following  assumptions  and  considerations: 

a.  The  care  and  diversion  of  water  cost  consists  of  a  plan  that 
provides  a  slurry  trench  cutoff  to  bedrock,  a  temporary 
impervious  blanket  on  the  upstream  face  of  the  cofferdam  which 
ties  into  the  slurry  trench,  and  dewatering  wells. 

b.  The  test  fill/excavation  is  estimated  to  be  the  first 
construction  start  for  the  Seven  Oaks  Dam  element  and  will 
include  test  excavations,  test  fills  and  a  streambed  access  road 
from  the  existing  Greenspot  Road  to  the  damsite.  This  road  will 
subsequently  be  used  as  a  haul  road  from  the  downstream  pervious 
borrow  area  and  the  impervious  borrow  area.  Also  see  discussion 
in  Appendix  A,  Geotechnical,  Section  A-XIII. 
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c.  The  abutment  excavation  is  estimated  to  include  the  removal  of 

abutment  colluvium  and  rock  to  provide  suitable  abutment  slopes  for 
embankment  fill  placement.  The  cost  for  the  construction  of  heavy 
equipment  access  roads  to  the  top  of  both  abutments,  which  will  later 
be  incorporated  into  the  permanent  access  road  system  is  separated. 

See  section  IX  for  more  access  road  details.  The  abutment  excavation 
cost  does  not  include  the  initial  construction  of  the  access  roads. 
This  cost  and  the  costs  of  the  final  asphalt  concrete  pavement, 
guardrails  and  other  road  items  are  included  under  cost  account  no. 
8.0,  Roads. 

The  cost  of  the  cofferdam  is  based  on  the  concurrent  excavation  of  the 
foundation  alluvial  material,  processing  this  material  through  a 
"grizzley"  or  screen  to  obtain  minus  12-inch  material,  and  spreading 
and  compacting  the  material  to  construct  the  cofferdam.  Since  the 
cofferdam  material  is  obtained  from  excavations  within  the  main 
embankment  foundation,  the  total  required  foundation  excavation  volume 
is  decreased  by  the  volume  utilized  in  the  cofferdam.  The  remaining 
required  foundation  excavation  volume  will  be  excavated  and  hauled  to 
the  downstream  pervious  borrow  area  for  stockpiling.  The  cost  of 
processing  the  material  through  "grizzlies"  and  transporting  it  back 
via  belt  system  for  the  construction  of  the  embankment  is  included  in 
the  pervious  borrow  (below  streambed)  item. 

e.  The  cost  of  the  pervious  material  from  the  downstream  pervious  borrow 
area  includes  excavation,  processing  of  the  material  through 
"grizzlies"  to  separate  the  minus  12-inch  and  the  minus  3-inch 
materials,  and  transporting  the  materials  to  the  damsite  by  using  a 
combination  of  a  belt  system  and  truck  hauls.  The  depth  of  excavation 
will  range  from  30  to  40  feet.  Also  see  discussion  in  Appendix  A, 
section  A-XII. 

f.  The  cost  of  the  impervious  borrow  material  is  based  on  truck  hauls 
from  the  borrow  area.  A  belt  system  will  transport  the  material  up 
the  face  of  the  embankment  for  placement  above  streambed.  The 
material  will  be  pre-wet  in  the  borrow  area. 

g.  The  costs  for  the  spillway  and  Government  Canyon  Ridge  excavations  are 
based  on  excavatability  with  conventional  mechanical  equipment.  It  is 
assumed  that  processing  will  not  be  required  for  the  materials  to  be 
used  in  the  embankment.  Truck  hauls  will  be  used  to  transport  the 
Government  Canyon  Ridge  material  to  construct  the  lower  elevations  of 
the  embankment.  The  material  from  the  spillway  will  be  transported  by 
a  belt  system  to  construct  the  upper  elevations  of  the  embankment. 

h.  The  cost  for  the  outlet  works  is  based  on  the  design  and  cost  estimate 
presented  in  Appendix  B  by  the  Portland  District  Corps  of  Engineers. 

i.  The  relocation  cost  includes  the  relocations  of  SCE  and  BVMWC 
facilities,  a  gravesite,  and  the  San  Bernardino  Valley  Water 
Conservation  District's  (SBVWCD)  water  spreading  facilities.  The 
SBVWCD  diversion  gates,  drainage  structures,  dikes  and  ponds  will  be 
replaced  in  conjunction  with  a  sequenced  borrow  operation.  See 
Appendix  A,  section  A-XII. 


d. 
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Table  XVI- 1.  Summary  of  First  Cost. 
(October  1987  Price  Levels) 


Acct 

No. 

Description 

Amount 

CONSTRUCTION 

03. 

04. 

08. 

18.0 

19.0 

20.0 

30.0 

31.0 

51.22 

Reservoir 

Dam 

Roads 

Cultural  resource  preservation 

Buildings,  ground  and  utilities 

Permanent  operating  equipment 

Engineering  and  design 

Supervision  and  administration 

Operation  and  maintenance  manual 

$  67,000 

250,645,000 
3,956,000 
200,000 
115,000 
963,000 
15,425,000 
15,357,000 
100,000 

Total,  construction 

$286,828,000 

LANDS  AND  DAMAGES 

Lands 

Mitigation  lands 

3,824,000 

3,634,000 

RELOCATIONS 

12,990,000 

Total,  lands,  damages,  and  relocations 

$  20,448,000 

Preconstruction  engineering  and  design 

$  9,007,000 

TOTAL,  FLOOD  CONTROL  FIRST  COST 

$316,283,000 

XVI-3 


Table  XVI-2.  Detailed  Estimate  of  First  Cost. 
(October  1987  Price  Levels) 


Acct. 

No. 

Description 

Quantity 

Unit 

Unit 

Price 

Subtotal 

03. 

Reservoir  clearing  & 

1 

Job 

L.S. 

$  67,000 

grubbing  (including 

contingencies) 

04. 

Dam 

0.1 

Main  Embankment 

Care  &  diversion  of 
water 

1 

Job 

L.S. 

$  2,401,000 

Test  fill/excavation 

1 

Job 

L.S. 

3,970,000 

Abutment  excavation 
Clearing  &  grubbing 

1,256,000 

CY 

L.S. 

5,132,000 

Embankment 

130 

Acre 

$  2,000 

260,000 

Borrow  areas 

Borrow 

580 

Acre 

$  1,000 

580,000 

Impervious  (core) 

4,623,000 

CY 

$  4.00 

18,492,000 

Pervious  (Filter, 
Transition,  and 

Shell) 

17,719,000 

CY 

*  4.25 

75,306,000 

Pervious  (Below  stream- 
bed) 

Excavation 

1,742,000 

CY 

$  3.90 

6,794,000 

Alluvial  foundation 

1,742,000 

CY 

$  3.40 

5,923,000 

Rock  foundation 

139,000 

CY 

$  4.50 

626,000 

Gov’t.  Canyon 

4,308,000 

CY 

$  2.70 

11,632,000 

drainage  channel 

(incl.  70,000  cy  of 
stockpiled  te3t 
excavation) 


Foundation  drill  4  grout 


Mob .  and  demob . 

1 

Job 

L.S. 

100,000 

Drilling  grout  holes 

45,000 

LF 

$  10.00 

450,000 

Grout  connections 

1,000 

Ea 

$  50.00 

50,000 

Placing  grout 

4,500 

Sa 

*  30.00 

135,000 

Pressure  testing 

500 

Hr 

1100.00 

50,000 

Drill  set-ups 

900 

Ea 

$  50.00 

45,000 

Drilling  exploratory  holes 

1,500 

LF 

$  68.00 

102,000 

Cofferdam  (u/s),  including 
excavation,  processing  and 
compaction 

Embankment 

544,000 

CY 

$  4.20 

2,285,000 

Impervious 

4,623,000 

CY 

$  0.70 

3,236,000 

Filter 

2, 656, 000 

CY 

$  0.65 

1,726,000 

Transition  (u/s) 

Transition  (d/s) 

10,601,000 

CY 

$  0.65 

6,891,000 

Gov't  Canyon  material 

4,706,000 

CY 

$  0.30 

1,412,000 

Spillway  material 

8,449,000 

CY 

$  0.65 

5,492,000 
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Table  XVI-2.  (Continued) 


Acct. 

No. 

Description 

Quantity 

Unit 

Unit 

Price 

Subtotal 

Shell 

6,910,000 

CY 

$  0.65 

4,492,000 

Road  on  u/s  face 

27,000 

CY 

$  0.65 

18,000 

Foundation  and  Abutment 

1 

Job 

L.S. 

500,000 

treatment 

(Cleaning,  scaling, 
slurry  grouting  4 
dental  concrete) 


Access  roads 


Top  of  dam 

1 

Job 

L.S. 

232,000 

Intake  structure 

Site  restoration 

1 

Job 

L.S. 

476,000 

esthetic  treatment 

1 

Job 

L.S. 

284,000 

Biological  mitigation  improve¬ 
ments  (including  contingencies) 

Subtotal 

Contingencies  (1531) 

Subtotal,  main  embankment 

Spillway 

Excavation 

1 

Job 

L.S. 

1, 300,000 

$160,392,000 

23,864,000 

$184,256,000 

Rock  7,571,000 

CY 

$  4.00 

$  30,284,000 

Control  sill 

1,600 

CY 

$  30.00 

48,000 

160,000 

Concrete,  sill 

1,600 

CY 

$100.00 

Cement,  portland 

9,100 

cvrr 

$  4.65 

42,000 

Reinforcing  steel 

Subtotal 

Contingencies  ( 15% ) 

Subtotal,  spillway 

20 

Ton 

$800.00 

16,000 

$  30,550,000 
4,583,000 

$  35,133,000 

0 . 3  Outlet  works 

Reference  Appendix  B  for 
Estimate,  Downstream 
Control 

Subtotal,  (not  including 
access  road) 
Contingencies  (1531) 

Subtotal,  outlet  works 

Total,  dam 
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Table  XVI-2.  (Continued) 
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Table  XVI-2.  (Continued) 


Acct . 

Unit 

No. 

Description  Quantity 

Unit 

Price 

Subtotal 

30.0 

Engineering  and  design 

$ 

15,425,000 

31.0 

Supervision  and  administration 

$ 

15,357,000 

51.22 

Operation  &  maintenance  manual 

$ 

100,000 

TOTAL  CONSTRUCTION 

$286,828,000 

Lands 

Damsite 

125 

Acre 

$  600.00 

$ 

75,000 

Admin,  building  area 

Borrow 

1 

Acre 

$2,000.00 

$ 

2,000 

Impervious 

640 

Acre 

$4,000.00 

2,560,000 

Pervious 

325 

Acre 

$  799.00 

260,000 

Road  easements 

37 

Acre 

$  297.30 

11,000 

Flowage  easements 

Biological  Mitigation 

61 

Acre 

$  491.80 

30,000 

Endanagered  Species 

700 

Acre 

$3,500,000 

2,450,000 

(Eriastrum) 

Others 

847 

Acre 

L.S. 

579,000 

Subtotal 

$ 

5,967,000 

Contingencies  (20%) 

Relocations  (PL9 1-646) 

1,193,000 

50,000 

248,000 

Administrative 

Total,  lands 

Relocations  (including 

$ 

7,458,000 

contingencies) 

So.  California  Edison 

Powerhouse 

1 

Job 

L.S. 

$ 

2,435,000 

Pressure  Pipe  12 

,730 

LF 

$  589.55 

7,505,000 

Transmission  line 

3.5 

Mile  $631,400.00 

2,210,000 

Bear  Valley  Mutual 

1 

Job 

L.S. 

100,000 

water  well 

San  Bernardino  Valley  Water 

1 

Job 

L.S. 

690,000 

Conservation  District  diver, 
facilities 

Gravesites 

1 

Job 

L.S. 

50,000 

Total,  relocations 

Preconstruction  engineering 

$ 

12,990,000 

and  design 

$ 

9,007,000 

TOTAL,  FLOOD  CONTROL  FIRST  COST 

$316,283,000 
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Operation  and  Maintenance 


16-04  Upon  completion  of  the  proposed  flood  control  improvements,  the 
annual  operation  and  maintenance  cost  is  estimated  at  $600,000.  This 
estimated  cost  is  comparable  to  the  actual  costs  on  similar  types  of 
improvements  experienced  by  the  Los  Angeles  District.  The  itemized  cost 
for  annual  operation  and  maintenance  is  shown  in  table  XVIII- 1. 


Comparison  of  Estimates 

16-05  The  first  cost  for  the  Seven  Oaks  Dam  project  estimated  in  the 
Supplement  to  Phase  I  GDM  on  the  Santa  Ana  River  Mainstem,  including 
Santiago  Creek,  dated  December  1985  (October  1985  Price  Levels),  is 
shown  in  table  XVI-3.  The  present  estimate  and  the  Phase  I  GDM  estimate 
at  October  1987  price  levels  are  shown  for  comparative  purposes.  The 
present  estimate  is  $3,896,000  higher  (table  XVI-3)  than  the  escalated 
Phase  I  GDM  estimate. 
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Table  XVI-3.  Comparison  of  First  Cost 


Acct. 

No. 

Description 

Phase  I  GDM 
Estimate 
(October  1985 
Price  Levels) 

Phase  I  GDM 
Estimate 
(October  1987 
Price  Levels) 

Present 
Estimate 
(October  1987 
Price  Levels) 

03- 

Reservoir  clearing 
and  grubbing 

$67,000 

$70,000 

$67,000 

04. 

Dam 

Main  embankment1 2 

256,702,000 

263,119,000 

250,645,000 

0.1 

(160,583,000) 

(164,597,000) 

(184,256,000) 

0.2 

Spillway 

(  70,678,000) 

(  72,445,000) 

(  35,133,000) 

0.3 

Outlet  works 

(  25,441,000) 

(  26,077,000) 

(  31,256,000) 

08. 

Roads 

0 

0 

3,956,000 

18.0 

Cultural  resource 

0 

0 

200,000 

19.0 

preservation 
Buildings,  grounds 

0 

0 

115,000 

20.0 

&  utilities 

Permanent  operating 

374,000 

383,000 

963,000 

30.0 

equipment 

Engineering  and  design 

17,720,000 

18,295,000 

15,425,000 

31.0 

Supervision  and 

12,660,000 

13,071,000 

15,357,000 

51.22 

administration 
Operation  and 

50,000 

50,000 

100,000 

maintenance  manual 

Total,  construction 

287,573,000 

294,988,000 

286,828,000 

O 

Lands^ 

4,803,000 

4,924,000 

7,458,000 

Relocations 

11,800,000 

12,095,000 

12,990,000 

Preconstruction 

• 

• 

9,007,000 

engineering  &  design 

Total,  flood 

$304,176,000 

$312,007,000 

$316,283,000 

14.0 

control  first  cost 

Recreation 

371,000 

380,000 

0 

GRAND  TOTAL  PROJECT  COST 

$304,547,000 

$312,387,000 

$316,283,000 

1.  Includes  Biological  Mitigation  Improvements. 

2.  Includes  Biological  Mitigation  Lands. 
•Included  in  Engineering  and  Design  Costs. 


16-06  The  major  differences  between  the  escalated  Phase  I  GDM  estimate 
and  the  present  estimate  are  explained  as  follows: 


a.  Dam.  The  decrease  of  412,474,000  is  the  net  effect  of 
(1)  4 19, 659 • 000  increase  to  the  main  embankment  due  to  an 
increase  in  borrow  material  unit  prices  based  on  a  more  detailed 
estimate,  (2)  437,312,000  decrease  to  the  spillway  due  mainly  to 
less  costly  excavation  and  handling  costs  based  on  geotechnical 
information  regarding  rock  characteristics,  and  (3)  45,179,000 
increase  to  the  outlet  works  due  to  a  more  detailed  estimate. 

b.  Roads.  The  increase  of  43,956,000  is  due  to  increased  detail 
and  an  increase  in  quantities  from  the  Phase  I  Supplemental  GDM. 

c.  Cultural  resource  preservation.  The  increase  of  4200,000  is  due 
to  an  added  feature  not  included  in  the  Phase  I  Supplement  Report. 

d.  Buildings,  grounds,  and  utilities.  The  increase  of  4115,000  is 
for  an  added  feature  not  included  in  the  Phase  I  Supplemental  GDM. 

e.  Permanent  operating  equipment.  The  increase  of  4580,000  is  due  to 
an  increase  in  geotechnical  instrumentation  and  the  addition  of 
hydrologic  facilities  not  included  in  the  Phase  I  Supplemental 
GDM. 

f.  Engineering  and  design.  The  decrease  of  42,870,000  is  due  to  a 
decrease  in  rate  applied  to  construction  costs. 

g.  Supervision  and  administration.  The  increase  of  42,286,000  is 
due  to  an  increase  in  rate  from  5  percent  to  6  percent  of  the 
construction  costs  (including  contingencies).  This  percentage 
is  based  on  the  actual  prevailing  rate  experienced  by  the  Los 
Angeles  District  Office. 

h.  Lands.  The  increase  of  42,534,000  is  due  to  a  more  detailed 
real  estate  appraisal. 

i.  Relocations.  The  increase  of  4895,000  is  the  net  effect  of 
(1)  deletion  of  the  U.S.  Forest  Service  access  road  and 
replacement  with  the  post  project  access  roads  in  the  Phase  II 
design,  (2)  adverse  sediment  impacts  to  Southern  California 
Edison  facilities  not  previously  considered,  (3)  more  detailed 
design  information  on  relocation  alternatives,  and  (4)  the 
relocation  of  grave  sites  not  identified  in  the  Phase  I 
Supplemental  GDM. 

J.  Preconstruction  Engineering  and  Design.  An  increase  of 
49,007,000  results  from  separating  out  the  preconstruction 
engineering  and  design  costs  from  the  engineering  and  design 
costs.  This  separation  was  not  done  for  the  Phase  I  estimate. 

K.  Recreation.  The  decrease  of  4380,000  is  due  to  the  deletion  of 
recreation  from  the  project. 
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XVII.  DESIGN  AND  CONSTRUCTION  SCHEDULE 


17-01  Preparation  of  Plans  and  Specifications.  Preparation  of  contract 
plans  and  specifications  for  the  construction  of  the  proposed  flood 
control  project  will  be  initiated  after  the  Phase  II  General  Design 
Memorandum  for  the  Santa  Ana  River  Mainstem,  including  Santiago  Creek, 
is  approved.  Two  contracts  are  scheduled  prior  to  the  outlet  and  main 
embankment  construction.  A  test  fill  and  an  abutment  excavation 
contract  will  be  prepared  from  design  information  presented  within  this 
report. 

17 -02  Construction  Schedule.  Construction  of  the  project  will  be 
scheduled  to  start  in  the  spring  of  year  1.  Initial  construction  will 
be  the  test  fill  and  the  abutment  excavation.  The  main  embankment  and 
outlet  will  be  scheduled  for  construction  after  an  embankment  and 
spillway  Feature  Design  Memorandum  and  an  outlet  works  Feature  Design 
Memorandum  are  prepared  and  approved.  The  construction  schedule  shown 
in  table  XVII- 1  may  be  modified  as  required  based  on  total  project 
requirements.  The  overall  project  construction  schedule  is  provided  in 
the  main  report. 

17-03  Total  Funds  Required  by  Fiscal  Years.  Total  funds  including 
Federal  and  non-Federal  share  which  will  be  required  for  the  preparation 
of  contract  plans  and  specifications  and  for  construction  are  shown  in 
the  main  report.  Table  XVII- 1  shows  the  total  construction  estimate  and 
a  generalized  updated  schedule. 
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UNIFORM 

COST 

CLASSIFICATION 


03 


04 


.1 


0.2 


0.3 


08 


18 


19 


20 


30 


31 


51.22 


FEATURE  ITEMS 

PROJECT 

COST 

ESTIMATE 

RESERVOIR  CLEARING 

67 

DAM 

250,645 

MAIN  EMBANKMENT 

(184,256) 

SPILLWAY 

(35,133) 

OUTLET  WORKS 

(31,256) 

ROADS 

3,956 

CULTURAL  MITIGATION 

200 

BUILDINGS,  GROUNDS  AND  UTILITIES 

115 

PERMANENT  OPERATING  EQUIPMENT 

963 

ENGINEERING  AND  DESIGN 

15,425 

SUPERVISION  AND  ADMINISTRATION 

15,357 

OPERATION  AND  MAINTENANCE  MANUAL 

100 

TOTAL  CONSTRUCTION 


TOTAL,  FLOOD  CONTROL  FRST  COST 


286,828 


LANDS 

7,458 

RELOCATIONS 

12,990 

PRE-CONSTRUCTION  ENGNEERNG  AND  DESIGN 

9,007 

316,283 


funds  in  thousands  of  dollars 


DESIGN  ACTIVITY  CONSTRUCTION 


TABLE  XVI-I 
SEVEN  OAKS  DAM 

DESIGN  AND  CONSTRUCTION  SCHEDULE 

U.S.  ARMY  ENGINEER  DISTRICT 
LOS  ANGELES,  CORPS  OF  ENGINEERS 

TO  ACCOMPANY  DESIGN  MEMORANDUM  NO. 

DATED  AUGUST  1988 _  SHEET  1  OF  I 


XVIII.  OPERATION  AMD  MAHTEHAHCE 

18-01  The  dam  will  be  operated  as  a  single  purpose  flood  control 
reservoir.  Some  incidental  water  conservation  benefits  will  be  derived 
from  the  operation  of  a  debris  pool  from  the  end  of  each  flood  season  to 
the  month  of  October.  The  water  conservation  benefit  will  stem  from  the 
prolonged  storage  of  floodwaters  for  release  in  the  summer  and  early 
fall  months  when  irrigation  demands  are  highest.  Detailed  operation 
guidelines  and  criteria  are  presented  in  the  Seven  Oaks  Dam  Outlet  Works 
design  report  appendix  B  of  this  volume,  and  the  Water  Control  Plan  in 
section  XIX  of  this  volume. 

18-02  The  Corps  will  develop  operations  and  maintenance  requirements 
and  a  decision  will  be  made  in  the  future  as  to  who  will  actually 
perform  the  work. 

18-03  The  required  operations  and  maintenance  of  all  access  roads  will 
also  be  developed  by  the  Corps  and  a  decision  will  be  made  in  the  future 
as  to  who  will  actually  perform  the  work.  The  United  States  Forest 
Service  and  Southern  California  Edison  Company  will  continue  to  be 
allowed  to  use  the  access  roads  for  the  management  of  their  lands  and 
facilities  upstream  from  the  dam. 

18-04  Development  and  execution  of  a  Memorandum  of  Understanding 
between  the  Chief  of  Engineers  and  the  Chief  of  the  Forest  Service  will 
be  undertaken  which  will  identify  management ,  financial,  operation,  and 
maintenance  responsibilities,  and  identify  criteria  for  future 
development  of  recreation  in  accordance  with  the  Memorandum  of 
Agreement,  dated  August  13,  1964,  signed  by  the  Secretaries  of  the  Army 
and  Agriculture. 


Operation  and  Maintenance  Manual 

18-05  An  operation  and  maintenance  (0&M)  manual  would  be  prepared  after 
construction  of  the  flood  control  improvements  in  accordance  with 
ER  1130-2-304  "Project  Operations"  and  applicable  provisions  of  ER  1150- 
2-301  "Local  Cooperation."  The  estimated  cost  of  the  O&M  manual  is 
$100,000.  Upon  completion  of  the  proposed  flood  control  improvements, 
the  annual  operation  and  maintenance  cost  is  estimated  at  $600,000. 


XVIII- 1 


This  estimated  cost  is  comparable  to  the  actual  costs  on  similar  types 
of  improvements  experienced  by  the  Los  Angeles  District.  The  local 
sponsors  would  be  responsible  for  the  operation  and  maintenance  of  the 
flood  control  improvements.  The  major  items  of  operation  and 
maintenance  and  their  estimated  annual  costs  are  shown  in  table  XVIII- 1. 

Operation  of  Outlet  Gates 

18-06  The  water  control  plan  for  reservoir  operation  is  presented  in 
detail  in  section  XIX  of  this  volume.  The  plan  requires  that  a  dam 
tender  be  present  at  the  dam  for  all  gate  opening  changes.  Remote  gate 
control  capability  from  the  Reservoir  Operation  Center  (ROC)  in  the  Los 
Angeles  District  Office  is  not  included  in  the  plan.  As  with  other  dams 
operated  by  the  Los  Angeles  District,  gate  opening  changes  will  be 
transmitted  by  radio  communication  between  the  dam  tender  and  the 
District's  ROC. 


Flood  Emergency  Plan 

18-07  A  flood  emergency  plan  will  be  developed  in  accordance  with  HEC 
guidelines  for  Corps  of  Engineers'  dams.  The  plan  will  be  similar  in 
format  to  the  Emergency  Action  Plan  During  Construction,  which  is 
included  as  appendix  C  to  this  volume.  The  plans  will  cover  emergency 
action  response  for  earthquakes,  spillway  discharge  without  a  dam 
breach,  a  dam  breach  with  pool  at  spillway  crest,  Probable  Maximum  Flood 
(PMF)  spillway  discharge  with  a  dam  breach,  and  security  alerts.  The 
cost  of  the  flood  emergency  plan  is  estimated  to  be  $50,000.  The 
inundation  maps  will  be  provided  to  local  emergency  service  officials 
for  evacuation  planning  and  implementation.  A  set  of  briefing  materials 
will  also  be  developed  to  provide  a  better  understanding  of  the  basis 
for  the  flood  studies  and  the  flooding  scenarios  depicted  in  the 
inundation  maps. 


Water  Quality  Monitoring  Program 

18-08  A  water  quality  monitoring  program  will  be  initiated  at  Seven 
Oaks  Reservoir  to  establish  a  data  base  on  those  chemical,  limnological, 
and  bacteriological  parameters  that  could  adversely  impact  the  environ¬ 
ment  in  the  Upper  Santa  Ana  River  Canyon.  The  parameters  should  be 
monitored  during  the  months  of  January,  April,  May,  June,  and  October. 
The  results  of  the  water  quality  monitoring  program  will  be  analyzed 
each  year  to  determine  necessary  changes  to  the  following  year's 
monitoring  program. 
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Table  XVIII-1.  Annual  Operation  and  Maintenance  Cost 
(October  1987  Price  Levels) 


Decription 

Amount 

Operation 

Condition  surveys 

$  10,000 

Periodic  inspections 

12,000 

Dam  tenders  (2) 

125,000 

Communication  equipment  and  hydrologic  facilities 

50,000 

Monumented  sediment  ranges 

3,000 

Geotechnical  instrumentations 

31,000 

Environmental  Management 

20,000 

Hater  quality  monitoring 

20,000 

Supervision  and  administration 

Reservoir  regulation  unit  (District) 

52,000 

Contract  supervision 

2U.000 

Maintenance 

Dam  embankment 

20,000 

Spillway 

5,000 

Outlet  works 

Mechanical  and  electrical  equipment 

23,000 

Debris  removal  and  maintenance 

25,000 

Access  road  debris  removal  and  maintenance 

35,000 

Major  Replacement 

Gate  repainting  (15  years) 

8,000 

Outlet  works  tunnel  invert  overlay  (25  years) 

100,000 

Access  roads  overlay  (20  years) 

37,000 

Total,  Annual  Operation  and  Maintenance  Cost 

$600,000 
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XIX. 


RESERVOIR  REGULATION 


19-01  Storage  allocations  for  the  reservoir  behind  Seven  Oaks  Dam  below 
spillway  crest  are  as  follows:  flood  control  storage,  113,600  acre-feet 
and  100-year  sediment  storage,  32,000  acre-feet.  The  storage  space 
allocated  for  sediment  will  be  used  for  flood  control  until  filled  with 
sediment.  Seven  Oaks  Dam  flood  control  storage  will  be  used  to  help 
control  flooding  on  the  lower  Santa  Ana  River  below  Pra^e  Dam  by 
delaying  inflow  into  Prado  Reservoir,  which  will  help  control  Prado’s 
maximum  water  surface  elevation.  In  addition,  Seven  Oaks  Dam  flood 
control  storage  will  assist  control  of  flooding  on  the  Santa  Ana  River 
from  the  dam  to  Prado  Dam.  The  conditions  at  Seven  Oaks  Dam,  the  local 
runoff  from  the  drainage  area  between  Seven  Oaks  Dam  and  Prado  Dam,  and 
the  inflow,  outflow  and  storage  conditions  at  Prado  Dam  will  all  be  used 
during  an  actual  flood  event  to  determine  the  proper  release  rate  from 
Seven  Oaks  Dam.  Stream  and  rainfall  gauges  in  the  Santa  Ana  River 
drainage  area  should  be  used  when  determining  the  proper  release  from 
Seven  Oaks  Dam. 

19-02  The  debris  pool  elevation  will  be  2,200  feet  NGVD  during  the 
first  year  after  completion  of  the  project  construction.  The  debris 
pool  elevation  should  be  adjusted  when  needed  during  the  project  life 
based  on  the  amount  of  accumulated  sediment  in  the  reservoir  near  the 
inlet  structure.  It  is  estimated  that  the  elevation  of  the  reservoir 
bottom  near  the  inlet  structure  will  raise  about  1 65  feet  due  to 
sediment  deposition  by  the  end  of  project  life.  By  then,  it  is 
estimated  that  the  top  of  the  debris  pool  would  be  elevation  2,300,  the 
top  of  the  trash  rack. 

19-03  During  the  southern  California  rainfall-runoff  season,  any  inflow 
to  the  reservoir  will  be  stored  for  the  purpose  of  forming  the  debris 
pool.  There  would  not  be  any  outflow  until  the  top  of  the  debris  pool 
is  reached.  Once  the  runoff  season  has  ended,  releases  will  be  made 
from  the  debris  pool  in  cooperation  with  the  existing  groundwater 
recharge  and  water  supply  operations  downstream  of  the  dam.  The 
reservoir  should  be  dry  by  the  end  of  August  to  allow  for  inspections 
and  maintenance  work. 
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19-04  Once  the  debris  pool  elevation  is  reached,  outflow  from  the 
reservoir  will  equal  inflow  up  to  a  maximum  of  500  ft^/s  until  the  water 
surface  reaches  elevation  2,265,  which  is  the  bottom  of  the  trash  rack. 
While  the  reservoir's  water  surface  is  on  the  trash  rack,  from  elevation 
2,265  to  2,299,  the  maximum  release  from  Seven  Oaks  will  be  50  ft^/s. 
This  lower  release  rate  is  necessary  in  order  to  keep  floating  material 
from  collecting  on  the  trash  rack  and  blocking  flow  into  the  inlet 
structure.  When  the  reservoir  has  risen  above  the  trash  rack  at 
elevation  2,299,  the  release  plan  of  outflow  equals  inflow  up  to  a 
maximum  of  500  ft^/s  will  resume.  This  release  will  continue  until  it 
is  determined  that  the  flood  threat  at  Prado  Dam  has  passed.  At  that 
time,  scheduled  flow  from  Seven  Oaks  Dam  will  be  increased  in  increments 
up  to  as  much  as  7,000  ft^/s,  to  evacuate  the  reservoir  in  preparation 
for  the  next  flood  event.  As  the  reservoir  draws  down  to  the  trash 
rack,  releases  should  again  be  reduced  in  order  to  prevent  floating 
material  from  collecting  on  the  rack. 

19-05  The  design  plan  of  reservoir  regulation  described  above  was 
developed  for  this  GDM.  Actual  regulation  of  Seven  Oaks  Reservoir  will 
be  in  accordance  with  the  water  control  plan  and  manual  to  be  prepared 
by  the  Los  Angeles  District  upon  completion  of  the  project  construction. 
Water  control  plans  developed  by  the  District  may  vary  somewhat  from  the 
"design"  plan  described  above,  but  should  not  change  the  basic  flood 
control  criteria  described.  Additional  information  on  Seven  Oaks  Dam 
reservoir  regulation  can  be  found  in  the  Hydrology  report,  Volume  7  of 
this  Phase  II  GDM. 
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NOTES 
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MAIN  EMBANKMENT  CONSTRUCT 


FISCAL  YEAR  NO.  I 


FISC* 


CALENDAR  YEAR  NO.I 


APR.  MAY  JUN.  JUL.  AUG.  SEP  OCT  NOV  DEC  I  JA 


WELLS,  SLURRY  TRENCH 


AND  COFFERDAM 


FOUNDATION  TRENCH 
EXCAVATION  (2,477,000  CY) 


STREAMBED  FOUNDATION 
DRILLING  AND  GROUTING; 
FOUNDATION  TREATMENT 


BACKFILL  FOUNDATION 
TRENCH  AND  FILL  TO 
EL.  2100  FT  (2,477,000  + 
1,697,000)  CY 


ELEVATION  {  FT  ,  NGVD  ) 


SPF  LEVEL  WITH  It  FT  blAM  PENSTOCK 


LUg  ENGINEERING  PAYS 


Millions  of  cuac  YARDS  (MCY) 


-  40'  CHEST  WIOTW 


FONQOTON  EXCAVATION 
APPROXIMATELY  80  FT 
DEEP 


notes: 

I  THE  WATER  OVERS**  PL  An  A  NO  RElATEO  FLOOD  PROTECTION  LEVELS 
ARE  BASED  ON  THE  DOWNSTREAM  CONTROL  ALTERNATIVE  FOR  THE  OUT¬ 
LET  WORKS  TUNNEL.  UPSTREAM  CONTROL  AND  MOTUNNEL  CONTROL 

alternatives  with  tm dr  respective  di versjon  plans  are  presented 

IN  THE  FINAL  PHASE  2  COM  (ALSO  SEE  DISC  USSWH  IN  SEVEN  OAKS 
DAM.  VOL.  I.  MAIN  REPORT  ) 


2.  DIVERSION  OF  WATER  WILL  BE  PROVlOCO  BY  THE  W-TOOT 

diameter  outlet  works  tunnel  until  jure  of  fiscal  year  a 

DIVERSION  FROM  JUNE  TO  DECEMBER  OF  FISCAL  YEAR  B  WILL  UTILIZE 
THE  OUTLET  WORKS  LOU  FLOW  CONDUITS 

(AVERSION  AFTER  DECEMBER  OF  FISCAL  YEAR  S  WILL  UTILIZE  THE  OUTLET 
WORKS  ll-FOOT  DIAMETER  PENSTOCK. 

3.  PRIMARY  WINTER  MONTHS  ARE  FROM  NOVEMBER  TO  MARCH 

4  EMBANKMENT  VOLUME  BELOW  ELEVATION  2100  IS  APPROXIMATELY 
4.3  MCY. 

3  ELEVATION  Z  K)0  IS  ASSUMED  TO  BE  THE  STRCAMBCO  ELEVATION. 
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cre^L 
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118,000  *e-lt(4-Day  Critical  Volume) 
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OUTFLOW-7, 000  eh 


INFLOW-254, OOP  eh  . 
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DESIGN  FLOOD  BA8ED  ON  OCCURENCE  OF 
JANUARY  21-24,  1943  GENERAL  STORM. 

1  DURATION  OF  CRITICAL  VOLUME  18  THAT  WHICH  GENERATED 
PEAK  DISCHARGE  AND  WATER  SURFACE  ELEVATION 


NOTES: 

1 .  Reservoir  Design  Flood 
(RDF)  at  Seven  Oaks 
Dam  is  based  on  NED 
storage. 

2.  Between  Seven  Oaks 
Dam  and  Prado,  the 
Santa  Ana  River  is 
subject  to  Flood 
Plain  Management. 
Discharges  are 
100- year  frequency. 

3.  RDF  at  Prado  Dam 
is  92*  of  SPF. 

Based  on  2+  day 
volume  being  the 
critical  duration, 
this  is  a  190-year 
event . 

4.  Design  flood  from  Prado 
Dam  to  the  Pacific 
Ocean  is  a  190-year 
event . 
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I.  INTRODUCTION 


Purpose  and  Scope 

1-01  Geotechnical  investigations  were  conducted  to  determine  the 
extent,  distribution,  and  physical  properties  of  the  rock  and  soils  at 
the  proposed  Seven  Oaks  damsite,  and  to  obtain  detailed  information  on 
the  foundation,  required  excavations,  construction  materials  and 
groundwater  conditions.  This  appendix  discusses  the  geologic  and 
seismologic  conditions  at  the  site  and  describes  the  geotechnical 
investigations  and  testing  conducted  for  the  project.  This  appendix 
also  describes  the  methods  of  analysis  used,  summarizes  the  foundation 
conditions,  and  recommends  design  values,  foundation  treatments, 
embankment,  spillway  and  outlet  works  designs  and  construction 
procedures.  Data  and  recommendations  are  of  sufficient  detail  to  lead 
to  a  test  excavation  and  test  fill  construction  contract,  an  abutment 
excavation  contract,  and  to  the  FDM  design  phase  for  the  embankment, 
spillway  and  outlet  works. 


Organization  of  Appendix 

1-02  After  a  description  of  the  geology,  groundwater  and  seismicity  of 
the  site,  the  appendix  is  organized  basically  to  discuss  what 
investigations  and  testing  were  conducted,  the  results  of  those 
investigations  and  tests,  and  the  analysis  of  those  results.  These 
topics  are  discussed  for  each  major  project  feature  in  sections  V 
through  VIII.  Based  upon  the  analysis  of  the  investigation  results, 
design  values  for  the  foundation  and  embankment  materials  are 
recommended  in  section  IX.  These  design  values  are  in  turn  used  to 
develop  a  project  design  which  is  presented  in  section  X  along  with  the 
required  analysis  of  that  design.  Sections  XI  and  XII  deal  with 
construction  materials,  procedures  and  requirements.  Section  XIII 
proposes  a  construction  schedule.  Quality  control  and  instrumentation 
requirements  are  presented  in  sections  XIV  and  XV.  It  is  recognized 
that  this  organizational  format  is  somewhat  cumbersome  and  necessarily 
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repetitive,  however,  the  intent  is  that  each  section  and  the  discussion 
of  each  project  feature  can  be  read  more  or  less  independently  of  each 
other. 


Project  Features 

1-03  Seven  Oaks  Dam  would  be  a  zoned  earth  and  rockfill  embankment  with 
a  maximum  height  above  the  existing  streambed  of  approximately  550  feet. 
After  excavation  of  the  streambed  alluvium  in  the  canyon  and  the 
preparation  of  the  bedrock  foundation,  however,  the  maximum  embankment 
height  would  exceed  650  feet.  The  purpose  of  the  dam  would  be  flood 
control  and  debris  storage  only.  The  embankment  would  be  arched  upstream 
and  would  include  an  impervious  central  core,  wide  filter  and  transition 
zones  and  free-draining  rockfill  shells  with  IV  on  2H  outer  slopes  both 
upstream  and  downstream.  The  dam  would  retain  flood flows  on  the  Santa 
Ana  River  and  its  mountain  tributaries  with  a  gross  flood  storage 
capacity  of  145,600  acre-feet  at  spillway  crest.  A  concrete-lined 
outlet  tunnel  through  the  left  (east)  abutment  would  be  used  during 
construction  of  the  embankment  for  diversion  of  groundwater  and  the 
Santa  Ana  River,  and  subsequently  to  control  releases  of  floodwaters 
from  behind  the  completed  structure.  A  detached,  unlined  500-foot  wide 
spillway  would  be  excavated  through  a  saddle  on  the  east  side  of  the 
canyon.  Spillway  flows  would  be  discharged  into  Deep  Creek  which,  in 
turn,  empties  into  the  Santa  Ana  River  several  thousand  feet  downstream 
from  the  damsite.  A  maximum  cut  in  rock  of  375  feet  would  be  required 
at  this  spillway  site.  An  additional  excavation  would  be  required 
through  a  ridge  immediately  upstream  from  the  embankment  to  provide 
necessary  drainage  from  a  tributary  canyon  to  the  outlet  works. 


Location 

1-04  The  damsite  is  located  about  1  mile  upstream  from  the  mouth  of 
Santa  Ana  River  Canyon,  and  about  4  miles  north-northeast  from  the  town 
of  Mentone,  California,  (north  half  of  section  4,  T1S,  R2W,  SBB).  The 
general  location  of  the  project  is  shown  on  plate  A-1.  A  more  detailed 
vicinity  map  showing  the  embankment,  spillway,  and  borrow  areas  is 
presented  on  plate  A-2.  The  reservoir  at  full  pool  conditions  would 
extend  approximately  3  miles  upstream  in  Santa  Ana  River  Canyon  and 
would  also  inundate  portions  of  Government  Canyon  and  Warm  Springs 
Canyon.  The  damsite  and  reservoir  are  almost  entirely  within  the 
boundaries  of  the  San  Bernardino  National  Forest  in  San  Bernardino 
County.  The  approximate  existing  elevation  of  the  streambed  at  the 
damsite  is  2,060  feet  National  Geodetic  Vertical  Datum  of  1929  (NGVD). 
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II.  GEOLOGY 


Regional  Geologic  Setting 

2-01  Upper  Santa  Ana  River  Canyon  is  within  the  southern  frontal  margin 
of  the  San  Bernardino  Mountains,  which  are  in  the  eastern  part  of  the 
Transverse  Ranges  physiographic  province  in  Southern  California 
(fig.  A-1).  The  Transverse  Ranges  province  is  an  elongated  geomorphic 
and  structural  unit  that  trends  essentially  east-west,  and  is  made  up  of 
chains  of  mostly  parallel  mountain  ranges  and  valleys  extending  from 
Point  Arguello  eastward  to  the  southern  Mojave  Desert.  The  principal 
geomorphic  and  structural  features  of  the  Transverse  Ranges  lie  across 
the  grain  of  adjacent  physiographic  provinces,  which  are  strongly 
influenced  by  the  northwest-southeast-trending  San  Andreas  fault  system. 
Within  and  bounding  the  Transverse  Ranges  province  are  other  major  fault 
zones  that  have  been  active  during  the  same  span  of  geologic  time  that 
the  San  Andreas  system  has  been  active.  Rock  units  within  the  province 
are  represented  by  rocks  that  range  from  Precambrian  plutonic  and 
metamorphio  types  to  Cenozoic  sedimentary  rocks.  Complex  sections  of 
Cretaceous  plutonic  rocks  dominate  the  province. 

RECENT  GEOLOGIC  HISTORY  AMD  TECTONICS 

2-02  Southern  California  is  a  tectonically  active  region,  experiencing 
crustal  compression,  dextral  shear,  thrusting,  block  rotation,  and 
allied  folding  and  faulting.  The  present  tectonic  regime  is  usually 
modeled  with  the  portion  of  Southern  California  southwest  of  the 
San  Andreas  fault  attached  to  the  Pacific  plate  and  moving  northwesterly 
relative  to  the  North  American  plate  (fig.  A-2).  This  strike-slip 
action  has  also  caused  dextral  (right-lateral)  shear  in  the  crustal 
material  on  both  sides  of  the  fault,  forcing  blocks  of  crustal  material 
to  rotate  clockwise  (Luyendyk  and  others,  1980).  In  addition,  extension 
of  the  Basin  and  Range  has  added  a  component  of  force  from  the  northeast 
which  has  forced  the  San  Bernardino  Mountains  to  thrust  up  against  the 
San  Jacinto  Mountains  at  San  Gorgonio  Pass.  Deep  seismic  activity  has 
been  identified  in  a  zone  12-25  miles  southeast  of  the  damsite,  and  this 
activity  has  been  interpreted  to  be  due  to  a  north-dipping  thrust  acting 
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at  depth  (Nicholson  and  others,  1986).  Studies  of  subsurface 
temperature  and  density  indicate  that  subcrustal  material  is  upwelling 
beneath  the  Salton  Trough  and  downwelling  beneath  the  Transverse  Ranges 
(Humphreys,  1986).  The  downwelling  action  may  be  driving  the 
north-dipping  thrust  at  depth  indicated  by  the  deep  seismic  activity 
southeast  of  the  damsite.  In  summary,  the  current  geological  situation 
in  the  region  includes  not  only  the  faulting,  fluvial  erosion,  and 
fluvial  deposition  observed  on  the  surface,  but  also  relative  movement, 
rotation,  and  thrusting  of  crustal  material  as  well  as  downwelling  of 
subcrustal  material,  all  occurring  simultaneously. 

SAM  ANDREAS  FAULT  STSTQf 

2-03  The  San  Andreas  fault  system  is  the  master  transform  along  which 
the  Pacific  plate  moves  northwesterly  relative  to  the  North  American 
plate.  In  Southern  California,  the  fault  strikes  northwesterly  from  the 
Imperial  Valley  to  the  Coachella  Valley,  then  more  west-northwest 
through  the  Transverse  Ranges  to  the  southwest  corner  of  the  San  Joaquin 
Valley,  and  then  northwesterly  again  into  Northern  California  (fig.  A -2). 
The  region  where  the  fault  curves  from  WNW  to  NW  is  known  as  the  "Big 
Bend."  Since  initiation  of  movement  along  the  fault  in  the  Miocene 
epoch,  cumulative  right-lateral  offset  along  this  system  has  been 
anywhere  from  about  100  miles  (Frizzell  and  others,  1986)  to  about 
180  miles  (Luyendyk,  1987).  Over  this  time,  slip  rates  have  varied  from 
about  1/2  to  2  in/year,  depending  upon  location.  These  rates  have 
characterized  the  fault  system  for  the  past  few  million  years.  The  part 
of  the  San  Andreas  fault  that  passes  through  the  Transverse  Ranges 
province  of  Southern  California  is  its  most  complex  segment.  In  this 
region,  the  San  Andreas  fault  and  several  others  constitute  a  complex 
system  of  anastomosing  faults  within  a  strip  as  wide  as  6  miles. 

2-01»  In  the  San  Bernardino  area  from  Cajon  Pass  southeastward,  the  San 
Andreas  fault  forms  the  southwest-facing  margin  of  the  San  Bernardino 
Mountains  to  a  point  north  of  San  Bernardino  where  it  splits  into  two 
branches,  the  North  Branch  and  the  South  Branch  (Dibblee,  1 96*1 ) 

(pi.  A-8).  The  North  Branch  aligns  with  the  upper,  linear  portion  of 
Mill  Creek  Canyon  and  then  curves  southeastward  into  the  Coachella 
Valley.  The  South  Branch  continues  along  the  face  of  the  San  Bernardino 
Mountains  to  a  point  northeast  of  Yucaipa  where  its  surface  expression 
is  less  obvious  and  is  thought  to  curve  southward  to  the  Banning  fault. 
The  Banning  fault,  also  a  named  segment  of  the  San  Andreas  system, 
trends  eastward  and  then  southeastward,  eventually  joining  the  North 
Branch  of  the  San  Andreas  fault  in  the  Coachella  Valley. 

2-05  The  complexity  of  the  fault  system  in  this  area  is  due  to  the 
complicated  evolution  of  the  fault  combined  with  the  aforementioned 
crustal  thrusting.  Although  the  scientific  community  has  not  agreed 
upon  the  details  of  the  tectonic  evolution,  it  will  be  described  using 
the  model  set  forth  by  Matt!  and  others  (1985).  As  used  in  their  model, 
three  faults,  the  Wilson  Creek,  Mill  Creek,  and  Mission  Creek  were 
proto-San  Andreas  faults,  each  taking  its  turn  in  the  tectonic  evolution 
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of  the  San  Andreas  (fig.  A-3).  The  Mill  Creek  and  eastern  portion  of 
the  Mission  Creek  faults  are  equivalent  to  the  North  Branch  of  the 
San  Andreas. 

2-06  First,  displacement  along  the  Wilson  Creek  fault  juxtaposed  the 
San  Bernardino  Mountains  against  the  material  which  is  now  between  the 
North  and  South  Branches  of  the  San  Andreas  fault,  which  will  herein  be 
referred  to  as  the  Wilson  Creek  block  and  is  the  location  of  the  Seven 
Oaks  damsite  (fig.  A-3-A).  Second,  due  to  left-slip  on  the  Pinto 
Mountain  fault  obstructing  movement  on  the  Wilson  Creek  fault, 
right-lateral  displacement  was  transferred  to  a  new  fault,  the  Mission 
Creek  fault,  which  evolved  to  the  south  of  the  Wilson  Creek  fault 
(fig.  A-3-B).  This  juxtaposed  material  similar  to  that  in  the  San 
Gabriel  Mountains  (SGMB)  against  the  San  Bernardino  Mountains  and  the 
Wilson  Creek  block,  which  thereafter  behaved  as  a  single  structural  unit 
(fig.  A-3-C).  Third,  continued  left-slip  on  the  Pinto  Mountain  fault 
obstructed  movement  on  the  Mission  Creek  fault  (fig.  A-3-D),  and 
right-lateral  displacement  was  transferred  to  yet  another  new  fault,  the 
Mill  Creek  fault,  which  evolved  north  of  the  Mission  Creek  and  Wilson 
Creek  faults  (fig.  A-3-E).  Only  about  5  miles  of  right-lateral 
displacement  was  generated  by  the  Mill  Creek  fault  prior  to  its 
obstruction  by  the  continued  left-slip  on  the  Pinto  Mountain  fault. 
Concurrently,  right-slip  on  the  San  Jacinto  fault  further  separated  the 
San  Gabriel  Mountains  from  its  related  material  left  behind  at  the 
southern  edge  of  the  San  Bernardino  Mountains  (fig.  A-3-E).  Thrusting 
of  the  San  Bernardino  Mountains  southward  has  further  complicated  the 
geologic  structure,  and  apparently  transferred  the  primary  right-lateral 
movement  from  the  throughgoing  North  Branch  of  the  San  Andreas  to  the 
combination  of  the  Banning  fault  and  the  South  Branch  of  the  San 
Andreas,  which  probably  reactivated  the  western  portion  of  the  Mission 
Creek  fault  (fig.  A-3-F). 

SAN  BERNARDINO  MOUNTAINS 

2-07  The  San  Bernardino  Mountains  have  been  uplifted  since  the  late 
Pliocene  along  northern  frontal  faults  and  the  San  Andreas  and  Pinto 
Mountain  faults  (Dibblee,  1975).  They  consist  of  steep-walled  deep 
canyons,  a  subdued  and  markedly  discontinuous  upland  surface,  and 
several  ridges  and  peaks  including  San  Gorgonio  Peak  (elevation 
11,502  feet),  the  highest  point  in  the  Transverse  Ranges.  The  northern 
margin  of  the  range  is  represented  by  a  north-facing  erosional 
escarpment  and  3outh-dipping  thrust  faults  (Dibblee,  1975).  The  eastern 
margin  of  the  range  dips  more  gradually  into  Mojave  Desert  sediments. 

To  the  west,  the  San  Bernardino  Mountains  are  separated  from  the  San 
Gabriel  Mountains  by  the  San  Andreas  fault  near  Cajon  Pass.  The  steep, 
southwest-facing  margin  of  the  range  aligns  with  the  trace  of  the  San 
Andreas  fault  and  its  South  Branch  to  a  point  northeast  of  Yucaipa  where 
the  southern  margin  is  then  considered  to  resume  about  5  miles  to  the 
south  and  extend  eastward  along  the  Banning  fault  from  Cherry  Valley  to 
the  west  end  of  the  Coachella  Valley  (pi.  A-8). 
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2-08  Geologically,  the  portion  of  the  San  Bernardino  Mountains  lying 
south  of  the  North  Branch  of  the  San  Andreas  fault,  the  Wilson  Creek 
block,  contains  different  rock  units  than  the  portion  north  of  the  North 
Branch  (Dibblee,  1975)*  The  rocks  to  the  north  are  similar  to  basement 
rocks  of  the  Mojave  Desert  crustal  block.  However,  the  rocks  to  the 
south  are  similar  to  basement  rocks  of  the  San  Gabriel  Mountains  to  the 
northwest.  A  cumulative  list  of  rock  units  exposed  within  the  San 
Bernardino  Mountains  (on  both  sides  of  the  North  Branch)  would  include 
Precambrian  plutonic  and  gneissic  rocks,  Paleozoic  quartzites, 
limestone,  dolomite,  and  marble,  Mesozoic  plutonic  rocks,  Tertiary 
terrestrial  clastic  rocks  and  basalt,  and  Quaternary  alluvial  and 
colluvial  deposits. 


Local  Geology  and  Topography 


TOPOGRAPHY 

2-09  The  proposed  damsite  and  reservoir  area  is  within  the 
steep-walled  Santa  Ana  River  Canyon  along  the  southern  margin  of  the  San 
Bernardino  Mountains.  The  elevation  of  the  canyon  floor  at  the  proposed 
damsite  is  approximately  2,060  feet  (NGVD).  The  gradient  of  the  canyon 
floor  averages  about  3  percent.  Elevations  of  the  ridgetops  outlining 
the  canyon  range  from  about  3.500  feet  directly  above  the  damsite  on  the 
left  (east)  abutment,  to  almost  4,000  feet  on  the  western  flank  of  the 
canyon.  The  canyon  walls  at  the  right  (west)  abutment  are  very  steep 
IV  on  0.6H  just  above  the  canyon  floor  and  then  flatten  to  IV  on  2H  at 
higher  elevations.  The  "ridge  and  swale"  topography  at  the  left 
abutment  has  more  uniform  slopes  of  about  IV  on  1.5H.  Several  "hanging 
valleys,"  probably  created  by  the  rapid  uplift  of  the  San  Bernardino 
Mountains  and  equally  rapid  down-cutting  by  the  Santa  Ana  River,  can  be 
identified  nearby  the  site. 

HOCK  OMITS 

2-10  Rock  units  exposed  within  the  damsite  and  reservoir  area  consist 
of  Precambrian  quartzo-feldspathic  gneiss  with  biotite,  Cretaceous  (?) 
biotite-rich  quartz  diorite  and  porphyritic  quartz  monzonite,  Tertiary 
Mill  Creek  formation,  and  Quaternary  terrace/alluvial  deposits.  Rock 
unit  identifications  are  based  upon  correlations  between  observations 
made  during  field  reconnaissance  and  geologic  mapping  and  published 
literature  (Dibblee,  1968,  1974;  West,  1987). 

Gneissic  Bocks  (gn) 

2-11  The  oldest  recognizable  rock  terrane  is  a  Precambrian  (?) 
quartzo-feldspathic  gneiss  that  has  been  intruded  by  quartz  diorite  (qd). 
These  older  rocks  are  typically  layered  with  bands  and  lenses  of 
quartzite,  quartzo-feldspathic  gneiss,  and  occasional  dark  schistose 
layers.  In  addition  to  the  intrusion  by  the  diorite,  they  are  transected 
by  dikes  of  aplite,  pegmatite,  lamprophyre,  amphibolite  and  fine-grained 
basaltic  to  rhyolitic  rocks.  These  rocks  display  a  strong  mineralogical 
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and  textural  foliation  that  trends  generally  northeasterly  to  easterly, 
and  dips  steeply  to  the  south.  They  are  often  highly  sheared,  with 
planar  orientations  trending  essentially  west-to-northwest  and  dipping 
at  various  steep  angles  from  vertical.  This  gneissic  rock  terrane 
occurs  as  a  fault-bounded  wedge  between  the  North  and  South  Branches  of 
the  San  Andreas  fault. 

Quartz  Diorite  (qd) 

2-12  Intruding  the  older  gneissic  rocks  (gn)  is  a  biotite-rich,  quartz 
diorite  of  Cretaceous  age  (Dibblee,  1968).  These  rocks  are  moderately 
to  strongly  jointed  and  fractured.  They  are  also  slightly  foliated. 
Foliation  trends  generally  easterly  and  dips  steeply  to  the  north  and 
south.  Exposures  of  these  rocks,  along  with  the  gneissic  rocks  (gn), 
occur  only  within  a  fault-bounded  wedge  between  the  Northern  and 
Southern  Branches  of  the  San  Andreas  fault.  Areas  on  published  geologic 
maps  (Dibblee,  1974)  mapped  as  quartz  diorite  (qd)  al3o  contain  large 
inclusions  of  roof  pendants  of  gneissic  rocks  (gn).  These  inclusions 
were  not  differentiated  during  the  large  scale  field  mapping  conducted 
as  a  part  of  this  study,  but  were  identified  during  the  detailed  mapping 
at  the  damsite. 

Quartz  Monzonite  (qa,  qpp) 

2-13  Quartz  monzonite  porphyry  (qmp)  and  quartz  monzonite  (qm)  of 
Cretaceous  age  occur  only  north  of  the  North  Branch  of  the  San  Andreas 
fault  within  the  reservoir  area.  The  quartz  monzonite  (qm)  is  mostly 
equigranular  and  contains  occasional  xenoliths  of  mafic  minerals. 

Although  it  lacks  foliation,  it  is  generally  moderately  jointed  with 
most  joints  dipping  near  vertical.  The  quartz  monzonite  porphyry  (qmp) 
contains  large  phenocrysts  of  feldspar,  up  to  7  cm  in  diameter,  in  a 
matrix  of  fine-grained  feldspar  and  quartz.  Collectively,  these  rocks 
form  bold  cliff  faces  along  the  flanks  of  Santa  Ana  River  Canyon  and  the 
steep  topography  of  the  adjacent  highlands  (Schaefer  Dixon  Assoc.,  1985). 

Tertiary  Sediments  (Tmc) 

2-14  Within  the  project  area,  the  Mill  Creek  formation  (Tmc)  of 
Tertiary  age  is  exposed  only  as  fault  slivers  between  the  major  splays 
of  the  North  Branch  of  the  San  Andreas  fault  zone  in  Warm  Springs 
Canyon,  on  Government  Canyon  Ridge  and  in  Government  Canyon.  Exposures 
of  these  rocks  consist  of  highly  folded  and  faulted,  terrestrial  and 
lacustrine  sandstone,  shale  and  conglomerate.  The  Mill  Creek  formation 
was  probably  deposited  in  a  pull-apart  basin  associated  with  early 
movements  of  the  San  Andreas  fault  (West,  1987). 

ALLUVIAL /COLLUVIAL  OMITS 

Terrace  Deposits  (Qt) 

2-15  Dissected  remnants  of  at  least  three  generations  of  Quaternary-age 
stream  terrace  deposits  (Qt)  were  identified  in  Santa  Ana  River  Canyon 
during  the  field  mapping.  At  the  damsite,  the  terrace  deposits  occur 
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as  patches  of  sand,  gravel,  cobbles,  and  boulders  "hanging"  on  the  walls 
of  the  steep-sided  Santa  Ana  River  canyon.  On  Government  Canyon  Ridge, 
the  terraces  are  more  extensive  in  area.  Each  generation  was  identified 
based  upon  the  elevation  of  the  base  of  the  deposit.  No  published  data 
was  found  describing  these  deposits  in  detail.  According  to  Schaefer 
Dixon  Associates  (1985),  these  terraces  have  probably  formed  in  a 
similar  manner  to  those  terrace  deposits  in  the  adjacent  San  Gabriel 
Mountains  that  are  the  result  of  both  tectonic  base-level  changes  and 
climatic  perturbations.  The  terraces  probably  developed  during  the  late 
Quaternary  time  when  conditions  were  much  wetter,  and  both  the  San 
Gabriel  and  San  Bernardino  Mountains  were  being  uplifted.  Field  work 
will  continue  through  the  FDM  study  phase  to  determine  the  ages, 
regional  extent  and  character  of  the  terraces.  Preliminary  results 
indicate  the  ages  of  the  three  terraces  mapped  within  the  proposed 
damsite  area  to  be  12,000  (Qt3),  55,000  (Qt2)  and  500,000  years  old 
(Qtl)  (Weldon,  written  comm.). 

Colluvium  (Qc) 

2-16  Colluvium  (Qc)  consists  of  materials  deposited  by  soil  creep, 
slope-wash,  and  gravity  (talus).  Generally,  the  larger  of  these 
deposits  are  estimated  to  range  from  5  to  10  feet  in  thickness  on  the 
upper  slopes  to  approximately  HO  to  50  feet  in  thickness  on  the  lower 
slopes.  A  localized  deposit  of  colluvium  at  the  left  abutment  is  at 
least  116  feet  thick. 

Landslide  Debris 

2-17  Landslide  debris  in  the  vicinity  of  the  damsite  is  identified 
mainly  on  the  basis  of  topographic  expression.  Suspect  areas  were 
delineated  during  the  detailed  aerial  photo  analysis  and  later  field 
checked  where  possible.  In  the  rock  terrane  north  of  the  North  Branch, 
the  areas  designated  as  landslides  are  predominantly  rock  falls.  South 
of  the  fault,  in  the  immediate  vicinity  of  the  damsite,  the  landslide 
deposits  are  more  characteristically  debris  flows.  In  Warm  Springs 
Canyon,  landslide  masses  are  typically  associated  with  the  thick 
sections  of  Tertiary  sedimentary  rocks  (Tmc)  which  outcrop  between  the 
splays  of  the  North  Branch  of  the  San  Andreas  fault  (Schaefer  Dixon 
Associates,  1985).  See  section  VIII  of  this  appendix,  for  a  further 
discussion  of  landslides,  especially  as  they  affect  the  reservoir  area. 

Stream  Terrace  (Qst) 

2-18  Stream  terrace  material  is  composed  of  streambed  alluvium 
deposited  during  high  flood  activity.  These  materials  consist  of  sand, 
gravel,  cobbles  and  boulders,  similar  to  Qal,  but  shows  sand  stability 
by  surficial  cover  of  fine-grained  sediments  and  vegetation.  These 
interfinger  with  colluvium  (Qc)  along  edges  of  the  canyons. 

Recant  Alluvium  (Qal) 

2-19  Santa  Ana  River  Canyon  is  floored  by  clastic  materials  eroded  from 
the  adjacent  highlands  and  transported  down  the  canyon  during  various 
stages  of  flooding.  These  materials  consist  of  unconsolidated  sand, 


A-II-6 


gravel,  cobble,  and  boulder  size  clasts  randomly  deposited  within  the 
500-  to  1000-foot  wide  main  channel  of  the  canyon.  Some  boulders  are 
the  size  of  a  small  truck. 

faulting 

2-20  Within  the  immediate  damsite  vicinity,  the  most  prominent 
structural  feature  is  fault  "A",  shown  on  plates  A-H  and  A-6.  It  is 
located  directly  south  of  the  damsite  near  the  outlet  portal.  This 
steeply  dipping  fault  juxtaposes  gneiss  (gn)  and  diorite  (qd)  on  each 
side  of  Santa  Ana  River  Canyon.  However,  away  from  the  canyon  bottom, 
the  nature  of  the  fault  contact  is  indistinct  and  it  appears  to  widen 
into  a  vague  zone  of  mixed  gneiss  and  diorite.  Although  fault  ”An  could 
represent  a  splay  of  the  North  Branch  of  the  San  Andreas  fault,  it  is 
more  likely  a  structure  unrelated  to  the  present  tectonic  regime.  It  is 
overlain  by  unfaulted  terrace  deposits  (Qt2)  estimated  to  be 
approximately  55,000  years  old  (Weldon,  written  comm.)  and  is  apparently 
offset  slightly  by  minor  low  angle  faults  on  the  west  side  of  the 
canyon.  Further  to  the  west,  it  can  not  be  traced  to  the  Alder  Creek 
Road  cut,  less  than  one  mile  away,  and  on  the  east  side  there  is  no 
evidence  from  field  mapping  or  aerial-photo  lineament  analysis  to 
suggest  that  it  joins  with  the  San  Andreas  fault. 

2-21  Other  fault  and  shear  zones  within  the  site  vicinity  could  only  be 
observed  for  short  distances  before  they  were  hidden  by  colluvium  or 
otherwise  terminated.  Most  of  these  faults  trend  west  to  north  west  and 
dip  steeply  to  the  north  and  south.  One  diorite  block,  south  of  the 
proposed  damsite  appears  to  be  fault-bounded  with  the  gneiss.  None  of 
these  faults  are  known  to  be  active. 


III.  GROUMDVATER 


Surface  Flow 

3-01  Streamflow  is  perennial  in  the  mountainous  canyons  of  the  Santa 
Ana  River  and  intermittent  downstream  from  the  mouth  of  the  canyon  where 
low  flows  percolate  into  the  Bunker  Hill-San  Timoteo  groundwater 
basins.  The  natural  flew  in  the  upper  reaches  of  Santa  Ana  River  Canyon 
is  partially  regulated  by  releases  from  Big  Bear  Lake.  The  major  part 
of  this  regulated  flow,  and  unregulated  flows  on  the  Santa  Ana  River 
itself,  is  diverted  for  power  generation  and  water  supply  near  the 
confluence  of  Bear  Creek  and  the  Santa  Ana  River.  In  spite  of  these 
diversions,  there  is  normally  some  surface  flow  at  the  damsite.  During 
the  stunner/ fall  of  1987  after  an  especially  dry  winter,  there  was  some 
surface  flow  in  the  area  of  the  proposed  upstream  toe  of  Seven  Oaks  Dam, 
while  at  the  centerline  the  riverbed  was  dry.  Periodically,  the  Santa 
Ana  River  and  its  tributaries  experience  severe  flooding.  The  flood 
hydrographs  are  characterized  by  sharp  peaks  of  short  duration.  Peak 
flows  in  excess  of  50,000  ft^/sec  have  been  measured  on  the  Santa  Ana 
River  near  Mentone. 


Subsurface  Flow 

3-02  Subsurface  as  well  as  surface  flow  from  Santa  Ana  River  Canyon 
enters  the  Bunker  Hill-San  Timoteo  Basin  downstream  from  the  canyon 
mouth.  A  California  Department  of  Water  Resources  study  (1970) 
estimated  2,500  acre  feet/year  for  the  amount  of  subsurface  outflow  from 
Santa  Ana  River  Canyon.  This  estimate  assumed  an  average  permeability 
of  1,000  gal/day,  a  hydraulic  gradient  of  0.03  ft/ft  and  a  75,000-square 
foot  cross-sectional  wetted  area.  At  the  damsite,  approximately  1  mile 
upstream  from  the  canyon  mouth,  the  permeability  of  the  alluvium  was 
calculated  from  aquifer  test  data  to  be  2,200  gal/day  and  the  saturated 
cross-sectional  area  of  the  alluvium  is  approximately  30,000  square 
feet.  The  hydraulic  gradient  is  0.03ft/ ft.  Using  these  variables,  the 
estimated  outflow  is  calculated  to  be  approximately  2,200  acre-feet/year. 


Neither  estimate,  however,  considers  the  possible  barrier  effects  of  the 
South  Branch  of  the  San  Andreas  fault  at  the  canyon  mouth  where  the 
fault  trace  is  partially  defined  by  a  vegetation  lineament  which  is 
indicative  of  differential  groundwater  conditions. 


Groundwater  Levels 

3-03  The  damsite  and  reservoir  are  in  the  Santa  Ana  River  Canyon 
hydrologic  subarea.  Within  the  subarea,  the  closest  water  wells  are 
downstream  from  the  mouth  of  the  canyon  (T1S/R2W  8C01)  and  upstream  in 
the  middle  of  the  proposed  reservoir  near  Southern  California  Edison 
powerhouse  No.  2  (Bear  Valley  Well  No.  2).  At  the  damsite,  groundwater 
data  was  obtained  from  five  observation  wells  installed  during 
exploratory  drilling  in  1984,  1986  and  1987.  Observation  well  R86-40  is 
located  near  the  proposed  upstream  toe  while  the  remaining  four  are 
located  near  the  dam  centerline.  See  plate  A-9  for  the  exact 
locations.  The  results  from  these  wells  are  shown  in  table  A-1. 


Table  A-1.  Groundwater  Levels  in  Observation  Wells. 


Well: 

Date  of 
Measurement 

R84-01 

Depth  to 

R84-02 

Groundwater 

R84-03 

Belcw 

R86-40 

Ground  Surface 

C86-35 

(feet) 

Jun  *84 

6.0 

8.4 

10.3 

Jun  ’85 

8.7 

10.1 

Sep  ’85 

9.8 

May  '87 

5.4 

8.6 

10.0 

10. 1 

10.8 

Sep  ’87 

9.6 

13-0 

13-1 

17.2 

Mar  '88 

8.6 

9.9 

11.3 

3-04  Groundwater  levels  downstream  of  the  canyon  mouth  have  been 
monitored  by  the  San  Bernardino  Valley  Water  Conservation  District.  The 
depth  to  groundwater  in  three  of  the  monitoring  wells  located  near  the 
proposed  downstream  pervious  borrow  area  is  discussed  in  paragraph  12-38 
of  this  appendix. 
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IT.  SEISMICITY 


Regional  Seismicity 

4-01  The  project  is  located  within  Zone  4  of  the  Seismic  Risk  Zone  Map 
(EM  1110-2-1902,  change  1,  1982).  The  region  surrounding  the  Seven  Oaks 
damsite  is  seismically  active  due  to  the  tectonic  interaction  of  the 
North  American  plate  and  the  Pacific  plate.  Relative  movement  along  the 
boundary  between  the  plates  has  formed  the  San  Andreas  fault  system, 
with  the  action  of  movement  being  primarily  right-lateral  strike-slip. 

In  addition,  the  regional  shear  field  developed  by  the  plate  interaction 
has  caused  crustal  breakage  in  the  form  of  additional  strike-slip 
faults,  dip-slip  faults,  oblique-slip  (exhibiting  both  strike-slip  and 
dip-slip)  faults,  and  rotation  of  crustal  blocks  between  faults.  The 
relative  movement  between  the  crustal  plates  as  well  as  the  movements 
within  the  plates  cause  release  of  energy  in  the  form  of  earthquakes. 

The  magnitude  and  recurrence  interval  of  the  maximum  credible  earthquake 
associated  with  any  given  fault  is  variable  and  dependent  upon  the 
postulated  length  of  fault  rupture,  orientation  of  movement 
(strike-slip,  normal,  thrust,  etc.),  and  measured  or  inferred  patterns 
of  events.  The  San  Andreas  fault  is  expected  to  rupture  with  the 
largest  maximum  credible  event  in  the  region:  an  earthquake  of  Richter 
magnitude  greater  than  8. 


San  Andreas  Fault  System 

4-02  Seismic  activity  along  the  San  Andreas  fault  system  suggests  that 
faulting  related  to  this  zone  of  crustal  movement  extends  more  than 
700  miles,  from  the  Gulf  of  California  to  the  Pacific  Ocean  north,  of  San 
Francisco.  The  seismic  behavior  of  the  San  Andreas  fault  system  varies 
markedly  along  its  length.  Three  distinct  modes  of  behavior  are 
apparent:  (1)  moderately  frequent  large  shocks  together  with  significant 
seismic  creep  along  the  Coachella  Valley-Salton  Trough  segment  and  the 
Mendocino  fracture  zone,  (2)  frequent  small  to  moderate  shocks  along  the 
segment  from  Hollister  to  the  Big  Bend,  and  (3)  infrequent  great 
earthquakes  (e.g.,  1857  and  1906)  along  the  northern  segment  (Cape 
Mendocino  to  Hollister)  and  Transverse  Ranges  segment  (Big  Bend  to 
Coachella  Valley). 
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4—03  A  geologic  study  of  prehistoric  earthquakes  on  the  San  Andreas 
fault  at  Pallet  Creek  (approximately  35  miles  northwest  of  the  damsite) 
indicated  that  since  500  A.D.  six  earthquakes  comparable  in  size  to  the 
great  1857  Fort  Tejon  earthquake  (M  7-9)  have  occurred  (Sieh,  1978). 

The  mean  recurrence  interval  of  those  earthquakes  was  calculated  to  be 
about  150  to  200  years.  Surface-rupture  features  associated  with  the 
1857  earthquake,  which  was  centered  approximately  115  miles  from  the 
Seven  Oaks  damsite,  were  reported  to  have  extended  to  a  point 
approximately  30  miles  northwest  of  the  site.  According  to  various 
earthquake  recurrence  models  prepared  by  Weldon  and  Sieh  (1985),  the 
next  major  event  on  the  San  Andreas  fault  in  Southern  California  will 
likely  be  centered  in  the  vicinity  of  the  eastern  Transverse  Ranges. 


Other  Major  Faults 

4-04  As  shown  on  plate  A-7,  the  Fault  and  Earthquake  Epicenter  Map  for 
the  Seven  Oaks  damsite,  numerous  other  faults  exist  within  approximately 
a  50-mile  radius  from  the  site.  These  include  the  San  Jacinto  fault  and 
Whittier-Elsinore  fault,  each  of  which  is  capable  of  generating  an 
earthquake  in  the  magnitude  range  of  7  to  7.5.  However,  the  greater 
distance  from  the  damsite  and  smaller  magnitude  potential  of  these 
faults  leave  the  San  Andreas  fault  as  the  causative  fault  for  the  design 
earthquake  (M  8+)  at  the  site. 


Subsidiary  Faulting 

4-05  Secondary  faulting  associated  with  the  design  event  on  the  South 
Branch  of  the  San  Andreas  fault  can  probably  be  expected.  Sympathetic 
movement  on  random  shears  within  bedrock  is  likely;  however,  the  amounts 
of  displacement  are  speculative.  In  an  assessment  of  the  fault  rupture 
hazard  at  the  Seven  Oaks  damsite,  Clarence  Allen  recommended  that  a 
design  displacement  of  as  much  as  4  feet  in  any  direction  at  the  damsite 
from  a  magnitude  .8+  earthquake  on  the  San  Andreas  fault  should  be 
assumed  (see  attachment  A-1). 

4-06  Further  uncertainties  exist  as  to  the  possibility  of  sympathetic 
movement  on  the  North  Branch  of  the  San  Andreas  fault.  The  most  recent 
investigations  on  the  North  Branch  fault  zone,  as  described  in  section  V 
of  this  appendix,  indicate  that  a  late  Pleistocene  terrace  (estimated  to 
be  about  55,000  years  old)  has  been  offset  at  least  several  feet.  This 
equates  to  a  slip  rate  of  a  few  tenths  of  a  millimeter  per  year,  which 
is  about  two  orders  of  magnitude  less  than  the  slip  rate  on  the  South 
Branch  (Weldon,  written  comm.).  These  offsets  could  be  the  result  of 
continuing  tectonic  activity  along  the  North  Branch  or  the  result  of 
sympathetic  movement  related  to  a  major  earthquake,  or  earthquakes,  on 
the  South  Branch.  Based  upon  the  apparent  minor  amount  of  total  offset 
on  the  North  Branch  zone  over  the  last  few  tens  of  thousands  of  years 
and  its  close  proximity  to  the  South  Branch,  which  is  postulated  to  have 
experienced  numerous  large  earthquakes,  it  is  believed  that  sympathetic 
movement  on  the  North  Branch  due  to  the  project  design  earthquake  will 
be  insignificant. 
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Earthquake  History 


4-07  The  earthquake  history  of  the  Seven  Oaks  damsite  is  dominated  by 
the  San  Andreas  fault  system.  As  previously  noted,  the  San  Andreas 
system  can  be  separated  into  segments  based  upon  its  seismic  behavior. 
The  damsite  lies  within  the  Transverse  Ranges  segment  between  the  Big 
Bend  and  the  Coachella  Valley.  This  segment  is  subjected  to  conflicting 
tectonic  forces,  east-west  extension  and  north-south  compression.  The 
apparent  result  of  this  interaction  between  tectonic  forces  is  a  section 
of  the  fault  which  is  relatively  quiet  seismically  when  compared  to 
activity  to  the  north  and  south  of  the  Transverse  Ranges  segment. 

Within  this  segment,  the  San  Andreas  fault  zone  locally  changes  from  a 
single  narrow  strand  exhibiting  predominantely  right  lateral  offsets  to 
a  zone  of  splayed  faulting  which  includes  a  component  of  reverse  or 
reverse-oblique  movement  on  north  dipping  fault  planes.  This  tends  to 
produce  a  more  diffuse  seismic  pattern  than  exhibited  within  the  other 
segments.  Seismic  events  tend  to  form  short  arcuate  patterns,  tight 
clusters,  or  short  east-west  trends  rather  than  long  linear  patterns 
common  to  strike-slip  movement  along  near  vertical  fault  planes.  Closer 
examination  and  reevaluation  of  the  mechanisms  involved  in  the  faulting 
between  the  Big  Bend  and  the  Coachella  Valley  indicate  that  simple 
interaction  between  plate  boundries  is  too  simplistic  an  explanation  to 
account  for  the  difference  in  seismic  expression  along  this  segment. 

14-08  Instrumentally  recorded  seismicity  in  the  vicinity  of  the  damsite 
is  comparatively  low.  There  has  been  an  apparent  increase  in  low  level 
activity  since  about  1970,  however,  it  is  believed  to  be  the  result  of 
both  increased  instrumentation  and  improved  monitoring  techniques  rather 
than  an  actual  change  in  seismic  activity.  Between  1935  and  1986,  three 
earthquakes  greater  than  Richter  magnitude  4  occurred  within  10  miles  of 
the  site.  These  were  a  M  4.6  on  19  February  1940  (7.5  miles),  a  M  4.0 
on  16  October  1951  (6.6  miles),  and  a  M  4.3  on  November  1978 
(6.8  miles).  The  closest  event  of  magnitude  5  or  greater  was  a  M  5.5  on 
29  August  1943  approximately  12  miles  from  the  site.  The  largest 
pre-instrumental  historic  earthquakes  within  25  miles  of  the  site  were 
magnitudes  6.0  (1923),  6.7  (1899),  and  6.8  (1918).  Even  though  the 
historic  seismicity  near  the  site  is  relatively  low  as  compared  to  the 
San  Andreas  fault  zone  in  general,  the  seismic  potential  remains  high 
due  to  the  apparent  periodicity  of  major  earthquakes  along  this  segment 
of  the  San  Andreas  fault  (Sieh,  1978).  See  plate  A-7  for  a  plot  of 
instrumentally  recorded  earthquakes  within  a  50-mile  radius  of  the 
damsite  as  well  as  historic  events  greater  than  magnitude  6. 


Seismic  Probability 

4-09  The  great  1857  Fort  Tejon  earthquake  (magnitude  7.9)  was  the  last 
major  earthquake  along  the  San  Andreas  fault  which  would  have  affected 
the  damsite.  Major  slip  on  the  segment  of  the  fault  adjacent  to  the 
damsite  could  also  have  occurred  in  association  with  the  earthquake  of 
8  December  1812,  (Jacoby  and  other,  1987).  Because  of  the  short 
historical  record  and  the  infrequent  nature  of  large  seismic  events, 
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recurrence  intervals  are  estimated  to  a  large  extent  using  data  from 
paleoseismological  studies.  Such  studies  conducted  by  Kerry  Sieh  (1978) 
in  the  Cajon  Pass  and  Salton  Sea  areas  indicate  recurrency  intervals  of 
approximately  130  and  220  years,  respectively. 

4-10  The  United  States  Geological  Survey  (USGS),  following  a 
recommendation  of  the  National  Earthquake  Prediction  Evaluation  Council 
(NEPEC),  formed  the  Working  Group  on  California  Earthquake  Probabilities 
to  evaluate  the  probability  of  the  occurrence  of  a  large  (magnitude  7  or 
greater)  earthquake  in  California.  Their  results  were  published  in  USGS 
Open-File  Report  88-398.  In  this  report,  the  Working  Group  recognized 
the  uncertainty  of  the  behavior  of  the  San  Andreas  fault  in  Southern 
California  which  they  divided  into  3  segments;  the  Mojave  and  San 
Bernardino  Mountains  segments  (which  correspond  generally  with  the 
previously  described  Transverse  Ranges  segment)  and  the  Coachella  Valley 
segment.  Their  conclusion  is  that  within  the  next  30  years  there  is  a 
30,  20,  and  40  percent  probability,  respectively,  of  a  large  earthquake 
being  generated  on  these  3  segment?  individually  and  a  combined 
probability  of  70  percent  for  a  large  earthquake  in  Southern  California. 


Earthquake  Ground  Motion 

4-11  The  maximum  credible  earthquake  at  the  Seven  Oaks  damsite  is  a 
magnitude  8+  event  along  the  South  Branch  of  the  San  Andreas  fault.  For 
conservatism,  the  main  release  of  seismic  energy  from  such  an  earthquake 
is  assumed  to  occur  at  the  mouth  of  the  canyon,  less  than  1  mile  from 
the  damsite.  Realistically,  however,  the  predicted  great  earthquake 
could  occur  anywhere  along  the  "locked"  Transverse  Ranges  segment  of  the 
fault.  Lateral  displacement  along  the  fault  plane  itself  would  likely 
be  on  the  order  of  20  feet  and  subsidiary  displacements  at  the  damsite 
are  estimated  to  be  as  much  as  4  feet  in  any  direction.  In  attachment 
A-2 ,  Bruce  Bolt  (1987)  estimates  the  (mean)  ground  motion  parameters  on 
rock  at  the  site  for  both  a  maximum  credible  event  within  2  km  (1.2  mi) 
of  the  site  and  a  maximum  probable  event  within  20  km  (12  mi)  of  the 
site.  These  values,  taken  from  table  1  of  attachment  A-2,  are  listed  in 
table  A-2. 


Table  A-2.  Estimated  (Mean)  Ground  Motion 
Parameters  on  Rock  at  Site. 


Max.  Credible  Event 

Max.  Probable  Event 

(Adjacent  San  Andreas) 

(in  50  years) 

Source  Distance  to  Damsite 

(km) 

2 

20 

Magnitude  (Ms) 

Seismic  Moment  (dyne-cm) 

$28) 

7'5  -J& 

Recurrence  Rate 

150  +/-  30  years 

1  percent  chance 

per  year 

Peak  Horizontal  Acceleration 
Peak  Horizontal  Velocity 

0.70g 

0.5g 

(cm/ sec) 

Peak  Horizontal  Displacement 

90-105 

70-80 

(cm) 

Bracketed  Duration  at  0.05g 

50-80 

40-70 

(sec) 

Predominant  Period  in 

40 

35 

ground  Velocity  (sec) 

0.2-10.0 

0. 3-8.0 

Reservoir-Induced  Seism! cty 


GENERAL 

4-12  Reservoir-induced  seismicity  (R1S)  is  defined  as  the  occurrence  of 
earthquakes  which  are  triggered  by  or  through  the  operation  of  a 
reservoir  (Meade,  1982).  Since  there  are  no  physical  differences 
between  a  naturally  occurring  earthquake  and  one  that  has  been  induced 
by  reservoir  loading,  the  probability  of  an  event  having  been 
reservoir  induced  is  determined  by  a  statistical  comparison  of 
deviations  between  the  pre-  and  post- impoundment  seismic  patterns  or 
histories.  The  major  types  of  evidence  commonly  used  to  analyze  whether 
or  not  an  event  or  sequence  of  events  were  reservoir-induced,  in 
descending  order  of  importance,  are: 

a.  Post-impoundment  increase  in  seismicity, 

b.  Correlation  of  water  level  (or  similar  reservoir  parameter)  and 
seismic  activity,  and 

c.  Display  of  a  distinctive  aftershock  pattern  as  expressed  by  an 
unusually  high  slope  of  the  magnitude- frequency  relationship 
(b-value  evidence)  (Meade,  1982). 
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4-13  A  study  of  reservoirs  throughout  the  world  which  have  experienced 
RIS  appear  to  have  certain  features  in  common  (Packer,  et.  al.,  1979). 
The  most  important  of  these  factors  are: 

a.  The  presence  of  a  relatively  permanent  deep  reservoir  (greater 
than  300  feet ) , 

b.  A  site  location  that  is  in  a  tectonically  prestressed  condition, 
and 

c.  The  presence  of  active  and/or  potentially  active  faults  in  or 
near  the  reservoir  area.  Potentially  active  faults  are  faults 
which  are  capable  of  movement  within  the  current  stress  field. 

It  should  also  be  noted  that  RIS  events  have  occurred  when  one  or  more 
of  these  factors  have  been  absent  while  no  change  or  even  a  decrease  in 
seismic  activity  has  resulted  even  though  all  three  parameters  were 
present . 

SEVEN  OAKS  DAHSITE 

4-14  The  depth  of  water  in  the  reservoir  is  the  main  factor  for 
analyzing  RIS  rather  than  the  actual  areal  extent  of  the  reservoir. 
Relatively  permanent  deep  reservoirs  (greater  than  300  feet)  appear  to 
be  more  susceptible  to  RIS.  The  strongest  evidence  in  support  of  RIS 
activity  has  been  a  close  temporal  association  between  reservoir  filling 
(loading)  followed  by  an  increase  in  seismic  events.  The  apparent 
response  time  may  vary  from  a  few  days  to  a  few  years  but  the 
relationship  is  most  obvious  when  the  lag  time  between  cause  and  event 
is  from  a  few  weeks  to  a  few  months.  The  strongest  correlations  tend  to 
occur  in  dams  with  deep  permanent  reservoirs  which  are  subjected  to 
water  fluctuations  (cyclic  loading).  Even  though  the  Seven  Oaks  dam 
will  be  subjected  to  cyclic  loading,  hydrologic  filling  frequency  curves 
indicate  that  it  will  only  contain  enough  water  to  classify  it  as  a  deep 
reservoir  (300  foot  water  depth  immediately  behind  the  dam) 
statistically  once  every  65  years. 

4-15  The  Seven  Oaks  damsite  is  located  in  a  tectonically  prestressed 
area.  In  certain  cases  of  suspected  RIS,  reservoir  loading  appears  to 
have  acted  as  a  triggering  mechanism,  releasing  stored  strain  energy  in 
areas  where  the  crustal  blocks  are  already  strained  to  near-yield 
conditions.  The  largest  event  to  date  that  has  been  associated  with 
reservoir  loading  has  been  a  magnitude  6.5  at  Koyna,  India,  in  1967. 

4—1 6  Ruptures  produced  by  RIS  events  have  occurred  only  along 
prestressed,  tectonically  active  or  potentially  active  faults  (Packer, 
et.  al.,  1979).  Tectonically  active  faults  are  defined  as  faults  which 
were  formed  during  the  current  tectonic  regime.  Of  the  two  significant 
faults  in  the  immediate  vicinity  of  the  dam,  the  South  Branch  of  the 
San  Andreas  lies  downstream  of  the  proposed  embankment  while  the 
North  Branch  fault  zone  transects  the  potential  deep  reservoir  area. 
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Because  of  its  location,  the  North  Branch  would  have  the  greater 
potential  for  RIS  loci.  However,  even  though  there  appears  to  have  been 
movement  on  the  North  Branch  within  the  last  55,000  years,  the  apparent 
offsets  are  at  least  one  and  possibly  two  orders  of  magnitude  less  than 
for  the  South  Branch.  Indeed,  the  offsets  observed  may  be  related  to 
movement  sympathetic  to  activity  of  the  South  Branch,  rather  than  to 
independent  earthquakes  on  the  North  Branch  itself. 

4-17  Because  the  Seven  Oaks  damsite  is  located  in  a  tectonically 
prestressed  area  with  active  or  potentially  active  faults  in  or  near  the 
reservoir  area  and  because  the  dam  will  occasionally  impound  a  reservoir 
more  than  300  feet  deep,  it  has  characteristics  which  have  been 
associated  with  RIS.  However,  it  may  not  be  possible  to  determine 
whether  or  not  any  given  event  is  due  solely  to  reservoir  loading  or 
whether  reservoir  loading  was  a  contributing  factor.  To  aid  in  that 
determination,  a  study  to  determine  the  pre- impoundment  seismic  pattern 
of  the  damsite  is  in  progress.  An  additional  tri-component  recording 
station  will  be  installed  at  or  near  the  damsite  during  the  Embankment 
FDM  study  phase  to  augment  the  existing  seismic  network  in  the  area. 
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Abbreviations:  PA  ■  Point  Arguello;  SBM  *  San  Bernardino  Mountains; 
USAR  ■  Upper  Santa  Ana  River.  (After  Dibblee,  1982.) 
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See  para.  2-05  for  explanation.  Abbreviations:  BF  *  Banning  Fault;  CF  = 
Cucamonga  Fault;  MCF  -  Mission  Creek  Fault;  MiCF  *  Mill  Creek  Fault;  NBSAF 
*  North  Branch,  San  Andreas  Fault;  PMF  *  Pinto  Mountain  Fault;  PRB  ■  Penin¬ 
sular  Ranges  Block;  SAF  «  San  Andreas  Fault;  SBMB  «  San  Bernardino  Mountains 
Block;  SBSAF  “  South  Branch,  San  Andreas  Fault;  SGMB  =  San  Gabriel  Mountains 
Block;  SJF  -  San  Jacinto  Fault; 

WCF  -  Wilson  Creek  Fault.  (After  I SANTA  ANA  RIVER  BASIN,  CALIFORNIA 
Matti  and  others,  1985.)  I  SANTA  ANA  RIVER  MAIN  STEM 


NOTE:  Barbs  indicate  thrusting 
with  the  barbs  on  the  upthrown 
side . 
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V.  FIELD  INVESTIGATIONS 


Scope  of  Investigations 

5-01  The  approved  plan  of  study  to  prepare  a  final  design  for  Seven 
Oaks  Dan  included  more  extensive  exploration,  testing,  design,  and 
analysis  than  was  possible  within  the  time  and  cost  constraints  of  this 
GDM.  It  was  Agreed,  therefore,  that  Phase  II  GDM  investigations  and 
design  activities  would  attempt  to  reduce  the  uncertainty  about  the  site 
conditions  and  construction  materials  that  would  have  significant 
impacts  on  the  cost  of  the  dam.  The  remaining  investigations  and  final 
design  activities  would  be  accomplished  and  reported  in  the  form  of 
separate  Feature  Design  Memorandums  (FDM's)  for  the  embankment  and 
spillway,  and  the  outlet  works.  Therefore,  in  order  to  establish  design 
values  and  prepare  a  construction  cost  estimate  for  the  Seven  Oaks  Dam 
GDM,  the  following  items  were  considered  to  be  of  primary  importance: 

a.  Depth  and  configuration  of  the  foundation  bedrock  surface  in  the 
canyon  bottom  at  the  damsite  and  outlet  works  portals, 

b.  Characteristics  of  the  foundation  bedrock, 

c.  Location  and  significance  of  faults  and  shears, 

d.  Location  of  significant  landslides, 

e.  Static  and  dynamic  properties  of  the  streambed  alluvium, 

f.  Sources  and  properties  of  construction  materials,  and 

g.  Excavatability  and  quality  of  the  bedrock  in  the  spillway  and 
Government  Canyon  drainage  channel. 

5-02  A  field  and  laboratory  investigation  program  was  initiated  in 
February  1984  to  specifically  address  these  items,  and  the  results  of 
the  initial  investigations  were  reported  in  the  Flood  Storage 
Alternatives  Study  Supplement  to  the  Upper  Santa  Ana  River  Phase  I  GDM 
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in  December  1985.  Additional  investigations  have  been  conducted  since 
1985  to  reduce  areas  of  uncertainty  about  subsurface  conditions  that 
could  significantly  affect  the  cost  estimate,  and  to  obtain  suitable 
samples  for  laboratory  testing.  A  summary  of  the  geotechnical 
investigation  program  and  procedures  used  is  discussed  in  the  following 
paragraphs. 


Investi^tioB  Procedures 

GEOLOGIC  MAPPING,  LITERATURE  RESEARCH  AND  AERIAL  PHOTO  INTERPRETATION 

5-03  Reconnaissance-level  mapping  in  Santa  Ana  River  Canyon  and  Warm 
Springs  Canyon,  as  well  as  in  surrounding  areas  accessible  by  vehicle, 
was  conducted  early  in  the  feasibility  investigation  phase.  Published 
geologic  information  relating  to  the  damsite  and  vicinity  was 
researched,  and  geologists  knowledgeable  in  the  area  were  contacted, 
including  John  Matti  and  Ray  Weldon  of  the  U.S.  Geological  Survey  and 
Dr.  Pete  Sadler  of  the  University  of  California  at  Riverside. 
Black-and-white  and  color  stereoscopic  aerial  photographs  of  the  general 
area  including  the  reservoir  at  scales  of  1:7,200  to  1:18,000  were 
reviewed.  Additional  literature  research  and  aerial-photo 
interpretation  were  conducted  by  Schaefer  Dixon  Associates  (1985)  and 
Photographic  Interpretation  Corporation  under  contract  with  the  Corps. 
The  general  damsite  and  reservoir  area  were  mapped  at  a  scale  of 
1-inch  =  400-feet.  The  damsite  was  mapped  on  1-inch  =  100-feet  scale 
field  maps  and  herein  presented  at  a  scale  of  1-inch  =  200-feet. 
Throughout  the  geologic  mapping  program  the  identification  of  potential 
geologic  hazards  relating  to  landslides  and  faults  was  given  special 
priority. 

SPECIAL  FAULT  STUDIES  -  SOIL  CHRONOLOGY 

5-04  In  order  to  better  understand  the  recent  tectonic  history  at  the 
damsite,  a  special  fault  study  was  initiated  in  1987  and  will  continue 
into  the  FDM  study  phase.  The  purpose  of  the  study  is  to  determine  the 
recency  of  activity  of  the  North  Branch  of  the  San  Andreas  fault  as  it 
passes  through  the  reservoir  area  and  better  understand  the  tectonic 
significance  of  this  structure.  To  this  end,  Ray  Weldon  and  Les 
McFadden,  through  the  U.S.  Geological  Survey,  are  attempting  to 
determine  the  age  of  alluvial  terraces  which  overlie  the  fault.  They 
are  using  soil  chronology  techniques  and  will  attempt  to  relate  data 
from  Upper  Santa  Ana  River  Canyon  to  other  drainages  in  the  San 
Bernardino  Mountains  where  a  history  of  aggradation  and  degradation  has 
already  been  established. 

TRENCHING 

5-05  Exploratory  trenches  were  excavated  for  different  purposes  at 
various  locations  within  the  general  project  site.  The  following 
paragraphs  describe  the  different  types  of  trenching  conducted  and  the 
reasons  for  their  excavation. 
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Fault  Trenching 

5-06  A  D— 8  Caterpillar  dozer  was  used  to  excavate  several  trenches  on 
Government  Canyon  Ridge  in  an  attempt  to  uncover  faulting  related  to  the 
North  Branch  of  the  San  Andreas.  The  purpose  of  the  excavations  was  to 
inspect  the  nature  of  the  fault  contacts  in  the  bedrock  and  also  to 
determine  whether  overlying  terrace  deposits  and  colluvium  had  been 
displaced  by  fault  movements.  The  trenching  was  made  difficult  because 
the  overlying  terrace  deposits  are  composed  of  poorly  consolidated 
clastic  material  with  boulders  up  to  5  feet  in  diameter  and  are 
relatively  thick,  requiring  excavations  up  to  30  feet  deep.  The  trench 
exposures  were  inspected  by  Ray  Weldon  of  the  U.S.  Geological  Survey  and 
a  sketch  log  was  made.  Several  soil  pits  approximately  10  feet  deep 
were  also  excavated  with  the  D-8  dozer  into  the  terrace  surface  to  aid 
in  sample  collection  for  the  soil  chronology  studies  conducted  by  Les 
McFadden.  See  paragraphs  5-58  to  5-61  of  this  section  for  a  further 
discussion  of  fault  investigations. 

Foundation  Bedrock 

5-07  Based  upon  the  shallow  depth  to  rock  in  exploratory  borings  in  the 
streambed  at  the  toe  of  the  left  abutment  and  nearby  bedrock  outcrops, 
it  was  believed  that  the  foundation  bedrock  surface  could  be  exposed  in 
a  relatively  shallow  trench.  A  D-8  dozer  was  used  to  make  a  160-foot 
long  excavation  in  the  coarse,  streambed  alluvium  near  hole  C86-32.  The 
location  of  this  hole  is  3hown  on  plate  A-9.  The  trench  was  only 
excavated  to  a  maximum  depth  of  about  8  feet  before  groundwater  was 
encountered.  During  excavation,  only  about  50  ft2  of  bedrock  was 
partially  exposed.  The  depression  was  backfilled  and  no  further 
excavation  to  expose  the  foundation  bedrock  surface  was  attempted. 

Foundation  Alluvium 

5-08  Test  trenches  in  the  foundation  alluvium  were  excavated  using  a 
D-8  dozer  because  of  the  large  percentage  and  size  of  rocks  present,  and 
the  need  for  easy  access  to  the  trench  bottom  for  large-scale  density 
testing.  The  relatively  wide  and  gently  sloped  ramps  produced  by  dozer 
excavation  allowed  room  for  equipment  and  testing  personnel  to  evaluate 
in  situ  foundation  conditions  and  obtain  samples  for  laboratory  testing. 

Pervious  Borrow  Area 

5-09  A  Cat  235  tracked  backhoe  with  a  4-foot  wide  bucket  was  used  to 
excavate  test  pits  in  the  pervious  borrow  area  in  order  to  excavate 
deeper  than  is  practical  with  a  dozer  and  to -obtain  large  samples  from 
the  wall  of  the  pit.  Because  there  are  endangered  plant  species  in  the 
borrow  area,  the  locations  of  which  had  not  yet  been  determined,  it  was 
also  desireable  to  limit  the  area  disturbed  by  the  testing.  The  backhoe 
was  able  to  dig  nearly  vertical  pits  within  areas  that  had  been  surveyed 
for  the  presence  of  the  endangered  plants,  and  thus  disturb  far  less 
area  than  with  conventional  trenching  methods.  Since  the  deposit 
appeared  to  be  uniformly  distributed,  the  sample  was  taken  from  the  full 
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depth  of  each  pit  by  scraping  one  wall  with  the  bucket  and  cleaning  out 
all  the  material  which  fell  into  the  bottom  of  the  pit.  The  sample  was 
placed  upon  a  sheet  of  plastic  next  to  the  test  pit  by  the  backhoe  for 
subsequent  testing. 

Impervious  Borrow  Area 

5-10  A  Case  580D  backhoe  was  used  to  excavate  test  trenches  in  the 
impervious  borrow  area.  The  trenches  were  18  inches  wide  and  stepped  at 
one  end  so  that  inspectors  could  walk  into  the  trench  and  log  the  sides 
visually,  obtain  samples  of  representative  materials,  and  conduct  sand 
cone  density  tests  at  various  depths. 

drillug 

5-11  During  the  Phase  I  and  Phase  II  studies  for  Seven  Oaks  Dam, 
several  types  of  exploratory  borings  were  excavated.  These  included 
rotary-wash,  wireline  and  conventional  coring,  bucket  auger  and  Becker 
hammer. 

Rotary-Mash  Drilling 

5-12  Rotary-wash  holes,  designated  R84-  or  R86-  depending  on  which  year 
they  were  excavated,  are  defined  in  this  appendix  as  conventionally 
drilled  holes  in  which  coring  was  not  conducted.  Generally,  rotary-wash 
holes  were  drilled  to  determine  the  depth  to  bedrock  and/or  to  install 
PVC  pipe  for  use  either  as  an  observation  well  or  a  source  or  receiver 
hole  for  cross-hole  geophysical  surveys.  In  two  cases,  R86-08  and 
R86-40,  the  holes  were  so  designated  because  they  had  to  be  abandoned 
before  coring  could  begin.  All  rotary-wash  holes  were  logged  by 
inspecting  the  drill  cuttings  and  monitoring  the  drilling  action. 
Boulders  and  intervals  of  sand  in  excess  of  1-foot  thick  were  noted  and 
logged.  Determination  of  bedrock  was  based  upon  uniformity  of  the  drill 
cuttings  and  smooth  drilling  action.  In  most  cases,  the  top  of  bedrock 
could  be  determined  within  0.5  foot. 

Observation  Wells 


5-13  Observation  wells  were  installed  in  rotary-wash  holes  R84-01, 
R84-02,  R84-03  and  R86-40.  Each  hole  was  drilled  using  a  5-1/8  or 
5-3/8-inch  diameter  carbide  button  bit  and  Revert  drilling  fluid.  Upon 
completion  of  drilling,  the  Revert  was  thinned  before  lowering  the 
3-inch  diameter  PVC  pipe  into  the  hole.  The  bottom  of  the  pipe  was 
capped  and  the  lower  section  of  the  pipe  was  slotted  using  a  hacksaw. 

The  annulus  was  filled  with  sand  or  sand-size  drill  cuttings.  At  the 
surface,  a  4-inch  I.D.  metal  casing  was  placed  over  the  PVC  and  cemented 
in-place.  Approximately  2  feet  was  left  protruding  above  the  ground 
surface.  The  top  was  secured  with  a  threaded  metal  cap.  (A  similar 
procedure  was  used  to  install  an  observation  well  in  core  hole  C87-35.) 
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Geophysical  Crossholes 

5-14  Rotary-wash  holes  to  be  used  for  geophysical  crosshole  surveys 
were  drilled  with  a  Mobile  B40L  drill  rig  using  a  5-5/8-inch  diameter 
tri-cone  carbide  button  bit.  Three  holes  spaced  approximately  10-feet 
apart  comprise  each  of  three  crosshole  sets.  These  holes  are  designated 
R86-01A-C,  R86-02A-C  and  R86-03A-C.  Each  of  the  nine  holes  drilled  for 
this  application  were  drilled  approximately  4  feet  into  bedrock  before 
the  4-inch  I.D.  non-perforated  PVC  was  grouted  in-place.  The  grout  was 
pumped  through  a  1-inch  pipe  and  check-valve  in  the  bottom  of  the  PVC  so 
that  all  the  drilling  fluid  was  displaced  and  grouting  of  the  annulus 
was  complete. 

Core  Drilling 

5-15  Core  drilling  was  the  primary  subsurface  exploration  technique 
used  at  the  Seven  Oaks  damsite.  Both  conventional  and  wireline  drilling 
methods  were  utilized.  Two  separate  episodes  of  core  drilling  were 
conducted.  In  1984,  nine  holes,  C84-01  to  C84-09*  were  conventionally 
cored  using  a  CME  55  drill  rig  and  an  NQ3-size  core  barrel,  which 
produces  1.775-inch  core.  In  1986-87,  36  additional  holes,  C86-01  to 
C86-39,  were  drilled  by  the  wireline  method  using  Failing  drill  rigs  and 

either  HQ  or  HQ3  core  barrels,  which  produce  2.5  and  2.406-inch  diameter 

core,  respectively.  The  overburden  in  all  holes  was  drilled  by 
conventional  rotary-wash  methods  using  5-1/8  to  6-3/4-inch  diameter 
carbide  button  bits  and  either  Revert  or  standard  drilling  mud.  The 
overburden  was  logged  by  inspecting  the  drill  cuttings  and  monitoring 
the  drilling  action  and  penetration  rate.  Boulders  and  intervals  of 
sand  in  excess  of  1-foot  were  noted  and  logged.  Determination  of 
bedrock  was  based  upon  uniformity  of  the  drill  cuttings  and  smooth 
drilling  action.  In  most  cases,  the  top  of  bedrock  could  be  determined 
within  0.5  foot  and  occasionally  within  0.1  foot.  Generally,  2  to 

4  feet  of  the  bedrock  was  rotary  drilled  in  order  to  be  certain  that  the 

top  of  bedrock  had  been  encountered  before  setting  surface  casing  and 
beginning  to  core. 

Core  Logging 

5-16  Each  core  run,  which  varied  in  length  from  0.5  to  10.3  feet,  was 
logged  in  detail  in  the  field.  The  core  recovery  percentage  and  Rock 
Quality  Designation  (ROD)  were  calculated,  the  rock  and  discontinuities 
described  in  detail,  total  drilling  time  and  longest  intact  core  piece 
were  recorded,  and  the  total  number  of  discontinuities  were  counted. 

For  the  discontinuity  count,  not  only  were  actual  breaks  in  the  core 
included  but  also  incipient  weakness  planes  which  it  was  felt  would 
break  during  normal  excavation,  hauling  and  compaction  procedures.  For 
zones  of  core  rubble  or  intensely  fractured  core  where  an 'accurate  count 
could  not  be  made,  an  arbitrary  10  discontinuities  per  foot  was 
assumed.  From  the  discontinuity  count,  a  discontinuity  frequency  was 
calculated  by  dividing  the  count  by  the  feet  of  recovered  core.  By 
definition,  a  discontinuity  frequency  of  10  is  the  maximum  possible. 
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5-17  DISCONTINUITY  ANALYSIS.  In  addition  to  simply  counting  actual  or 
incipient  breaks  in  the  core,  almost  all  joints,  fractures  and  shears 
were  described  individually  on  the  basis  of  their  planarity,  roughness, 
aperture  and  filling  material.  The  inclination  of  each  discontinuity  as 
measured  perpendicular  to  the  axis  of  the  core  was  also  measured  to  the 
nearest  5  degrees  and  recorded.  For  each  core  hole,  this  data  was 
sorted  on  the  basis  of  inclination  and  a  frequency  relationship 
developed.  Because  more  steeply  inclined  discontinuities  are 
encountered  less  frequently  in  vertically  drilled  holes,  the  actual 
count  was  manipulated  in  the  following  manner.  For  discontinuities 
between  30  and  70  degrees,  the  actual  number  of  discontinuities  counted 
for  a  particular  inclination  was  divided  by  the  cosine  of  that 
inclination  to  yield  a  corrected  frequency.  Counts  for  discontinuities 
inclined  25  degrees  or  less  were  not  corrected  and  counts  for 
discontinuities  inclined  greater  than  70  degrees  were  all  divided  by 
0.33  (roughly  the  cosine  of  70  degrees)  to  yield  a  corrected  count. 
Furthermore,  the  discontinuity  descriptions  were  used  to  calculate  a 
percentage  of  discontinuities  along  which  movement  wa3  indicated. 
Movement  was  defined  by  a  slickensided  surface  or  clay  gouge  filling 
material.  This  information  was  analyzed  and  included  in  the 
descriptions  on  the  drilling  logs  shown  on  plates  A- 11  to  A-29. 

5-18  ROCK  QUALITY  DESIGNATION .  The  RQD  was  calculated  for  each  core 
run  by  dividing  the  total  length  of  intact  core  pieces  at  least  4-inches 
in  length  by  the  length  of  the  core  run.  Although  USACE  practice  is  to 
apply  RQD  to  NX-size  core  only,  the  RQD  was  calculated  for  NQ3,  HQ  and 
HQ3-size  core.  It  might  be  expected  that  smaller  diameter  core  (NQ3) 
would  yield  slightly  lower  RQD  values  and  larger  diameter  core  slightly 
higher  values  than  for  NX-size  core,  but  based  upon  the  results  of  the 
core  drilling  at  the  Seven  Oaks  site,  the  results  were  indistinguishable 
from  each  other. 

5-19  WEATHERING  INDEX.  The  relative  degree  of  rock  weathering  was 
described  in  the  field  using  the  classification  criteria  shown  in 
table  A-3. 


Table  A-3.  Classification  of  Degree  of  Weathering 
of  Rocks  (after  Bieniawski  1979). 


Unweathered  No  visible  signs  of  weathering;  rock 

fresh;  crystals  bright. 

Slightly  weathered  Discontinuities  are  stained  or  discolored 

and  may  contain  a  thin  filling  of  altered 
material.  The  discoloration  may  extend 
into  the  rock  from  the  discontinuity 
surfaces  to  a  distance  of  up  to  20 %  of  the 
discontinuity  spacing. 
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Table  A-3*  (Continued) 


Moderately  weathered 

Slight  discoloration  extends  from 
disweathered  continuity  planes  for 
greater  than  20%  of  the  discontinuity 
spacing.  Discontinuities  may  contain 
filling  of  altered  material.  Partial 
opening  of  grain  boundries  may  be  observed. 

Highly  weathered 

Discoloration  extends  throughout  the  rock 
and  the  rock  material  is  friable.  The 
original  texture  of  the  rock  generally  has 
been  preserved,  but  separation  of  the 
grains  or  crystals  has  occurred. 

Completely  weathered 

The  rock  is  totally  discolored,  decomposed 
and  friable.  The  external  appearance  of 
the  rock  sample  is  that  of  soil. 

Internally,  the  rock  structure  is  partially 
preserved  but  grains  and  crystals  have 
completely  separated. 

Point  Load  Testing 


5-20  The  point  load  test  is  conducted  by  applying  compressive  point 
loads  diametrically  to  a  specimen  and  measuring  the  load  at  failure.  A 
point  load  strength  index  is  derived  from  the  failure  load  and  the 
distance  between  the  loading  platens  (diameter  of  the  core).  The 
specimen  actually  breaks  in  tension,  but  a  relationship  between  the 
point  load  strength  index,  compressive  strength  and  overall  rock 
hardness  appears  to  exist,  A  Rocktest  Model  PIL-5  Point  Load  Tester  was 
used  to  conduct  951  individual  tests  on  NQ3,  HQ  and  HQ3-size  core  from 
the  Seven  Oaks  damsite.  To  properly  conduct  the  diametral  test,  the 
core  piece  should  be  at  least  twice  as  long  as  its  diameter,  therefore 
most  pieces  tested  were  at  least  4  inches  in  length  and  could  arguably 
represent  the  better  quality  rock.  In  most  holes,  every  testable  core 
piece  was  tested  and  the  load  required  to  break  the  specimen  was 
recorded.  For  a  test  to  be  considered  valid,  the  failure  must  occur 
across  mineral  grain  boundaries  and  extend  through  both  platen  contact 
points.  Therefore,  failures  partially  or  totally  along  shears,  joints, 
foliation  or  other  zones  of  weakness  are  considered  invalid  and  are 
designated  by  an  asterisk  on  the  drill  logs.  Out  of  951  tests 
attempted,  210  were  determined  to  be  invalid.  The  point  load  strength 
index  values  shown  on  the  drill  logs,  plates  A- 11  to  A-29,  have  been 
normalized  to  represent  50mm  core. 

Pressure  Testing 

5-21  Pressure  tests  were  conducted  in  order  to  determine  the  rockmass 
permeability  in  25  of  the  45  core  holes  drilled  at  the  Seven  Oaks 
damsito.  As  a  general  rule,  holes  drilled  into  foundation  rock  under 
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the  central  portion  of  the  proposed  dam  were  pressure  tested  whereas 
holes  drilled  in  rock  to  be  excavated,  such  as  the  spillway  or 
Government  Canyon  Ridge,  were  not  routinely  tested.  Both  wireline  and 
conventionally  cored  holes  were  tested  in  basically  the  same  manner. 
During  the  1984  drilling,  10  to  20  foot  intervals  were  tested.  However, 
based  upon  the  data  from  these  holes  which  showed  the  rockmasses  at  the 
site  to  be  relatively  tight,  the  testing  interval  for  the  1986  drilling 
was  widened  to  anywhere  from  15  to  50  feet.  At  each  test  interval, 
several  pressures  were  normally  used  with  the  maximum  pressure  in  lb/in^ 
equal  to  the  top  of  the  test  interval  in  feet.  The  water  take  in 
ft^/min  was  monitored  and  recorded  until  the  rate  of  take  stabilized, 
usually  2  to  5  minutes.  The  following  formula  was  used  to  calculate  the 
permeability,  K  in  ft/day,  for  each  pressure  used  in  each  interval: 

K  =  Cp  x  Q  /  Ht 

where:  Cp  =  conversion  factor  relating  the  length 

of  the  test  interval  to  the  size  of 
the  borehole 

Q  =  rate  of  flow  in  ft^/min 
Ht  =  total  pressure  head  in  ft 

A  representative  K  value  for  each  interval  was  subjectively  selected 
after  a  review  of  data  for  the  individual  tests  in  that  interval  and  is 
presented  on  the  drilling  logs,  plates  A- 11  through  A-29. 

Bucket  Auger  Drilling 

5-22  A  power  bucket  auger  with  a  24-inoh  diameter  bucket  was  used  to 
drill  test  holes  in  the  left  abutment  colluvium  and  the  impervious 
borrow  area.  Changes  in  material  type  were  observed  and  logged  from  the 
bucket  contents  and  disturbed  samples  of  representative  materials  were 
obtained  for  laboratory  testing.  In  order  to  preserve  the  integrity  of 
the  samples,  drilling  fluid  was  not  used  to  keep  holes  from  caving. 
Standard  penetration  tests  were  not  conducted  because  of  the  relatively 
large  amounts  of  gravel  and  cobbles  that  were  encountered. 

Becker  Haver 

5-23  A  Becker  reverse  circulation  drill  was  used  in  1984  to  drill  nine 
holes  to  bedrock  in  the  foundation  alluvium.  Several  holes  had  to  be 
abandoned  and  redrilled  at  adjacent  locations  due  to  the  inability  of 
the  drill  to  penetrate  large  boulders.  The  holes  we^  visually  logged 
by  noting  the  penetration  rate  and  examining  the  particles  removed  from 
the  hole.  Eight  7-inch  diameter  holes  were  drilled,  cased  with  3-inch 
diameter  PVC  pipe,  the  annular  space  backfilled  with  sand,  and  used  for 
crosshole  surveys.  One  of  the  holes  was  reamed  to  12  inches,  cased  with 
10-inch  diameter  perforated  PVC  pipe  and  used  in  a  pumping  test  to 
determine  aquifer  characteristics. 
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GEOPHYSICAL  SURVEYS 


5-24  Geophysical  surveys  at  the  Seven  Oaks  damsite  consisted  of 
magnetometer,  downhole,  crosshole  and  refractive  seismic  surveys. 

Magnetometer 

5-25  A  Geometries  model  G-856X  Proton  Precession  Magnetometer  was  used 
to  conduct  twelve  individual  traverses  at  the  Seven  Oaks  site.  It  was 
hoped  that  fault  zones  and  formational  contacts  (especially  between  the 
sedimentary  Mill  Creek  formation  and  the  basement  rocks)  could  be 
recognized  by  anomolies  in  the  recorded  magnetic  field.  With  this  aim 
in  mind,  traverse  lines  were  laid  out  across  known  fault  zones  (Fault 
"A"  and  the  North  Branch  of  the  San  Andreas)  and  across  formational 
contacts  between  the  diorite  and  gneiss  at  the  damsite.  Field  procedure 
was  to  locate  the  end  points  of  the  traverse  on  a  site  map  and  tape-off 
station  locations  every  10  to  20  feet  at  which  readings  were  taken.  The 
magnetic  data  was  recorded  to  the  memory  of  the  G-856X  and  subsequently 
downloaded  to  a  microcomputer  for  tabulation  and  plotting.  An  analysis 
of  the  data  did  not  indicate  any  correlation  between  magnetic 
fluctuations  and  geologic  structure  and  the  data  is  not  herein 
presented. 

Refractive  Seismic 

5-26  Between  1984  and  1987,  refractive  seismic  surveys  were  conducted 
in  the  vicinity  of  the  Seven  Oaks  damsite.  The  surveys  were  primarily 
conducted  by  Los  Angeles  District  personnel  using  12-channel  signal 
enhancement  seismographs.  Several  preliminary  surveys  with  50-foot 
geophone  spacings  were  conducted  by  Leighton  and  Associates.  Initially, 
the  primary  purpose  of  the  surveys  was  to  determine  the  thickness  of  the 
alluvium  in  the  canyon  bottom.  Subsequently,  this  geophysical  technique 
was  used  to  estimate  the  amount  of  colluvial  cover  on  the  abutment 
slopes  and  at  the  outlet  works  portals  and  also  to  determine  the  P-wave 
velocity  of  the  rock  in  the  spillway  and  Government  Canyon  Ridge. 

5-27  Except  for  the  contracted  geophysical  surveys,  geophone  spacings 
were  either  15  or  30  feet  with  beyond-the-end  and  mid- line  shots 
commonly  conducted.  Because  of  the  high  attenuation  of  the  energy 
source  in  the  dry  surficial  alluvium  and  colluvium,  1/3  pound  to  1-pound 
sticks  of  two-component  high  velocity  explosives  were  used.  Record 
quality  was  generally  excellent.  Standard  crossover-point  interpretive 
methods  were  used  to  calculate  velocity  interface  depths. 

Interpretation  of  surveys  conducted  in  the  canyon  bottom  were  made 
difficult  by  the  relatively  high  P-wave  velocity  of  the  coarse, 
bouldery,  saturated  alluvium  and  the  relatively  low  velocity  of  the 
foundation  bedrock.  The  apparently  irregular  subsurface  bedrock  relief 
(as  determined  by  exploratory  borings)  also  made  interpretation  of  the 
depth  to  bedrock  difficult  both  in  the  canyon  bottom  and  on  the 
abutments. 
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5-28  Several  seismic  surveys  were  conducted  in  Santa  Ana  River  Canyon 
downstream  from  the  Seven  Oaks  damsite  during  a  reconnaissance 
exploration  at  an  alternative  damsite.  The  results  of  those  surveys, 
which  were  inconclusive,  are  not  herein  presented. 

Downhole  Seismic 

5-29  Selected  Becker  Hammer  holes  drilled  by  Woodward  Clyde  Consultants 
for  the  Corps  were  used  to  conduct  both  downhole  and  crosshole 
geophysical  surveys  in  1984,  see  attachment  A-3.  These  surveys  were 
used  to  determine  the  P  and  S-wave  velocities  in  the  streambed 
alluvium.  In  1986,  selected  core  holes  drilled  in  the  spillway  and 
Government  Canyon  Ridge  were  used  to  conduct  downhole  geophysical 
surveys  in  order  to  determine  the  P-wave  velocity  of  the  rock  to  be 
excavated  from  both  areas.  Ten  or  twenty-foot  long  sections  of  4-inch 
surface  casing  was  left  in  the  holes  to  be  tested;  otherwise  the  holes 
were  uncased.  A  triaxial  downhole  geophone  was  pneumatically  pressed 
against  the  side  of  the  borehole  at  either  5  or  10-foot  depth  intervals. 
Vertical  blows  with  a  20-pound  sledgehammer  at  the  surface  were  used  to 
generate  P-waves.  Attempts  to  generate  and  record  polarized  shear  waves 
by  striking  the  ends  of  a  shallow  trench  were  unsuccessful.  The  P-wave 
first  arrivals  were  picked  to  within  0.1  millisecond  and  recorded.  The 
maximum  depth  which  could  be  tested  was  approximately  140  feet  due  to 
attenuation  of  the  surface  energy  source. 

Crosshole  Seismic 

5-30  Crosshole  seismic  testing  was  conducted  by  Woodward-Clyde 
Consultants  in  three  sets  of  three  holes  in  the  streambed  foundation 
alluvium  that  were  advanced  with  a  Becker  Hammer  drill  rig.  Crosshole 
shear  wave  velocities  between  the  holes  were  determined  at  5-foot 
intervals  in  each  hole  by  placing  a  reversible  shear-wave  hammer  in  the 
end  boring  of  each  set  and  measuring  the  travel  time  required  for  shear 
waves  to  arrive  at  the  other  boreholes.  The  hammer  and  geophones  were 
clamped  to  the  borehole  walls  pneumatically  and  an  inclinometer  wa3  used 
to  measure  deviations  from  vertical  to  obtain  true  distances  between 
geophone  locations  in  the  boreholes. 


Sumary  of  Explorations 

STREAMBED  FOUNDATION 

5-31  Explorations  in  the  streambed  were  conducted  to  determine  the 
material  properties  of  the  streambed  alluvium,  material  properties  of 
the  streambed  foundation  bedrock  and  the  configuration  of  the  covered 
bedrock  surface.  The  explorations  included,  trenching,  drilling  and 
geophysical  surveys.  A  description  of  those  explorations  is  presented 
in  the  following  paragraphs. 
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Drilling 


5-32  Drilling  in  the  streambed  included  core  borings,  rotary-wash 
borings,  and  Becker  Hammer  holes.  Some  of  the  rotary-wash  borings  and 
one  of  the  core  holes  were  cased  and  used  as  observation  wells  or 
source/ receiver  holes  for  geophysical  surveys.  The  Becker  Hammer  holes 
were  cased  with  perforated  PVC  pipe  and  used  for  downhole/crosshole 
geophysical  surveys  and  in  an  aquifer  test.  See  plate  A-9  for  the 
location  of  the  holes.  Pertinent  hole  data  are  listed  in  table  A-4. 
Holes  used  as  permanent  observation  wells  are  designated  with  an 
asterisk  (*)  before  the  hole  number. 


Table  A-4.  Streambed  Drilling. 


Hole 

No. 

Date 

Completed 

Hole 

Elevation 

(ft) 

Depth 

Drilled 

(ft) 

Length 

Cored 

(ft) 

C84-01 

08/15/84 

2053.8 

104.8 

15.0 

C84-02 

09/07/84 

2052.7 

190.1 

100.3 

C84-03 

09/10/84 

2070. 1 

167.4 

72.1 

C84-04 

09/21/84 

2064.8 

102.4 

36.9 

C84-05 

09/28/84 

2072.1 

177.5 

83.9 

C86-02 

10/07/86 

2073.4 

100.0 

79.6 

C86-05 

10/17/86 

2109.1 

108.6 

48.6 

C86-26 

02/02/87 

2051.3 

302.5 

218.5 

C86-28 

02/07/87 

2054.2 

122.6 

49.1 

C86-29 

02/12/87 

2054.0 

81.0 

51.0 

C86-32 

04/21/87 

2073.4 

51.7 

41.7 

C86-33 

04/25/87 

2079.7 

151.8 

51.8 

C86-34 

04/28/87 

2064.6 

81.4 

50.2 

•C86-35 

05/05/87 

2068.9 

92.0 

52.5 

C86-36 

05/01/87 

2070.7 

109.5 

50.0 

C86-37 

05/06/87 

2074.1 

99.1 

48.1 

C86-38 

05/08/87 

2066.2 

90.3 

3.5 

C86-39 

05/08/87 

2067.0 

80.5 

10.0 

•R84-01 

06/01/84 

2065.0 

70.0 

- 

•R84-02 

06/07/84 

2057.8 

67.5 

- 

•R84-03 

06/12/84 

2054.8 

96.0 

- 

R86-01A 

10/09/86 

2040.0 

83.0 

- 

R86-01B 

10/14/86 

2040.0 

69.0 

- 

R86-01C 

10/20/86 

2040.0 

60.0 

- 

R86-02A 

10/23/86 

2062.0 

74.0 

- 

R86-02B 

10/28/86 

2062.0 

75.0 

- 

R86-02C 

10/31/86 

2062.0 

77.0 

- 

R86-03A 

11/14/86 

2096.0 

105.0 

- 

R86-03B 

11/10/86 

2096.0 

104.0 

- 

R86-03C 

11/05/86 

2096.0 

101.0 
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Table  A-4.  (Continued) 


Hole 

No. 

Date 

Completed 

Hole 

Elevation 

(ft) 

Depth 

Drilled 

(ft) 

Length 

Cored 

(ft) 

•R86-40 

05/04/87 

2102.0 

49.5 

R86-41 

05/02/87 

2080.7 

41.0 

- 

B84-01 

10/05/84 

2069.6 

65.3 

- 

B84-02 

10/11/84 

2069.2 

95.3 

- 

B84-05 

10/15/84 

2069.9 

95.0 

- 

B84-06 

10/16/84 

2066.7 

79.0 

- 

B84-07 

10/17/84 

2067.4 

»  85.0 

- 

B84-09 

11/02/84 

2068.0 

80.0 

- 

B84-11 

11/05/84 

2072.9 

16.5 

• 

B84-12 

11/06/84 

2072.5 

13-0 

- 

B84-13 

11/06/84 

2072.6 

19.0 

- 

Total  Footage: 

3833.3 

1063.1 

Geophysical  Surveys 

5-33  Refractive  seismic,  downhole  and  crosshole  geophysical  surveys 
were  conducted  in  the  streambed  foundation  area  between  April  1984  and 
March  1987.  Very  early  in  the  feasibility  investigation  phase  of  the 
project,  four  refractive  seismic  surveys  using  50-foot  geophone  spacings 
were  conducted  in  the  streambed  at  the  damsite  by  Leighton  and 
Associates,  see  attachment  A-4.  These  preliminary  surveys  were 
supplemented  by  eleven  shorter  lines  conducted  by  Los  Angeles  District 
personnel.  Downhole  and  crosshole  surveys  were  conducted  in  three  sets 
of  Becker  holes  (B84-01,  02,  05),  (B84-06,  07,  09)  and  (B84-11,  12,  13) 
located  near  the  dam  centerline.  Three  additional  crosshole  sets  of 
three  holes  each  were  drilled  in  1986  (R86-01,  02  and  03).  These  sets 
are  located  at  the  downstream  toe,  centerline  and  upstream  toe 
respectively.  Crosshole  and  downhole  geophysical  surveys  will  be 
conducted  in  these  holes  during  the  Embankment  FDM  investigations. 

See  plate  A-10  for  the  locations  of  the  refractive  seismic  lines  and 
plate  A-9  for  the  locations  of  the  crosshole  sets. 

Trenching 

5-34  Three  trenches  (TT84-1,2  and  3)  were  excavated  at  representative 
locations  in  the  streambed  during  October  1984  to  determine  the 
gradation  and  in-place  density  of  the  materials  in  the  foundation  of  the 
proposed  embankment.  One  test  trench  was  excavated  to  a  depth  of 
22  feet  with  a  Cat  977  loader,  and  2  other  test  trenches  were  excavated 
to  depths  of  22  and  17  feet  with  a  D-8  dozer.  All  three  trenches  were 
terminated  approximately  1  foot  below  the  elevation  where  groundwater 
was  encountered.  The  walls  of  the  test  trenches  were  visually  logged 
and  large-scale  density  tests  conducted  at  5-foot  intervals  to  obtain 
gradation  and  density  samples. 
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5-35  Four  more  test  trenches  were  excavated  in  the  streambed  in 
August,  1987  as  part  of  the  concrete  aggregate  exploration  program. 
Although  only  one  trench,  TT87-2,  is  located  within  the  embankment  toe 
trace,  two  others,  TT87-1  and  3,  are  within  about  500  feet  of  the 
downstream  and  upstream  toes,  respectively,  and  can  be  considered 
representative  of  near  surface  foundation  materials  under  the 
embankment.  The  other  trench,  TT87-4,  is  located  about  1/4  mile 
upstream  of  the  damsite  and  would  be  representative  of  materials  that 
would  be  obtained  from  the  upstream  pervious  borrow  area.  The  location 
of  the  trenches  is  shown  on  plate  A-97.  The  trenches  were  excavated 
with  a  D-8  dozer  to  depths  ranging  from  8  to  13  feet.  A  sample  of 
representative  materials  from  each  trench  was  obtained  for  gradation  and 
rock  quality  testing  using  a  955K  tracked  loader.  Each  sample  weighed 
approximately  15,000  pounds  and  included  rocks  up  to  about  3  feet  in 
diameter.  Percentages  and  maximum  sizes  of  larger  rocks  were  visually 
estimated  and  noted  on  the  logs. 

si  Gar  abutment 

5-36  Because  of  the  steep  and  generally  inaccessible  terrain,  minimal 
exploration,  consisting  of  five  core  holes,  was  conducted  near  the  base 
of  the  right  abutment.  No  geophysical  surveys  were  conducted.  After 
abutment  excavation  and  construction  of  an  access  road  system,  several 
deep  core  holes  will  be  drilled  during  Embankment  FDM  studies. 

Drilling 

5-37  Five  core  holes  have  been  drilled  on  or  at  the  toe  of  the  right 
abutment.  Two  holes,  C86-01  and  C86-03,  were  actually  drilled  in  the 
streambed  near  the  base  of  the  steepest  rock  slopes.  The  purpose  of 
these  holes  was  to  determine  the  subsurface  bedrock  3lope.  C84-08  is  an 
angle  hole  drilled  into  the  diorite  rockmass  at  the  base  of  the  abutment, 
downstream  of  centerline.  Holes  C84-07  and  C86-23  were  drilled  into  the 
gneissic  rockmass  upstream  from  centerline.  See  plate  A-9  for  the  hole 
locations.  Pertinent  hole  data  are  listed  in  table  A-5. 


Table  A-5.  Right  Abutment  Drilling. 


Hole 

No. 

Date 

Completed 

Hole 

Elevation 

(ft) 

Depth 

Drilled 

(ft) 

Length 

Cored 

(ft) 

C84-07 

12/14/84 

2090.0 

201.5 

171.4 

C84-08 

12/31/84 

2057.0 

84.5 

79.2 

C86-01 

10/08/86 

2050.0 

73.4 

48.0 

C86-03 

10/11/86 

2058.2 

82.1 

52.1 

C86-23 

01/24/87 

2159.0 

312.4 

302.2 

Total  Footage: 

753-9 

652.9 
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Trenching 

5-38  No  teat  trenches  were  excavated  in  the  area  of  the  right  abutment. 
The  access  road  to  hole  C86-23,  however,  created  up  to  20-foot  high 
exposures  of  the  gneissic  rockmass.  These  exposures  aided  in  the 
geologic  mapping  of  the  abutment  site. 

LEFT  ABUTmrr 

5-39  Explorations  on  the  left  abutment  consisted  of  core  drilling, 
bucket  auger  drilling,  and  refractive  seismic  surveys.  One  of  the  main 
purposes  of  the  explorations  conducted  to  date  was  to  more  accurately 
determine  the  thickness  and  physical  properties  of  the  overburden 
materials  which  are  much  more  extensive  than  at  the  right  abutment. 

Drilling 

5-40  Only  two  core  holes,  C84-06  and  C86-04,  and  four  bucket  auger 
holes,  LAH-01  to  LAH-04,  were  drilled  at  the  left  abutment.  Core  hole 
C86-04  and  the  four  24-inch  diameter  bucket  auger  holes  were  drilled 
through  the  thick  mass  of  colluvium  under  the  centerline  of  the  proposed 
dam.  Hole  C84-06  was  drilled  downstream  from  centerline  at  the  toe  of 
the  gentle  abutment  slope.  The  auger  holes  were  terminated  when  bedrock 
was  encountered  or  caving  prevented  further  drilling.  The  holes  were 
logged  and  representative  samples  of  disturbed  materials  were  collected 
for  classification  and  detailed  laboratory  testing.  Exact  locations  of 
the  bucket  auger  and  core  holes  are  plotted  on  plate  A-9.  Pertinent 
hole  data  are  presented  in  table  A-6. 


Table  A-6.  Left  Abutment  Drilling. 


Hole 

No. 

Date 

Completed 

Hole 

Elevation 

(ft) 

Depth 

Drilled 

(ft) 

Length 

Cored 

(ft) 

C84-06 

12/04/84 

2060.0 

192.3 

158.1 

C86-04 

10/24/86 

2215.3 

400.5 

284.5 

LAH-01 

11/25/86 

2215.0 

90.0 

- 

LAH-02 

11/26/86 

2280.0 

47.5 

- 

LAH-03 

11/26/86 

2265.0 

44.0 

- 

LAH-04 

12/01/86 

2215.0 

35.0 

- 

Total  Footage: 

809.3 

442.6 

Geophysical  Surveys 

5-41  Two  refractive  seismic  surveys,  85-4  and  86-09,  were  conducted  on 
or  at  the  toe  of  the  left  abutment.  See  plate  A-10  for  the  location  of 
the  survey  lines.  ) 
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Trenching 

5-42  No  test  trenches  were  excavated  on  the  left  abutment.  The  access 
road  to  the  spillway  site  for  the  drill  rigs,  however,  created  up  to 
20-foot  high  exposures  of  the  diorite  and  gneissic  rock.  These 
exposures  aided  in  the  geologic  mapping  of  the  abutment. 

SPILLMAY 

5-43  Explorations  at  the  spillway  site  consisted  of  core  drilling  and 
geophysical  surveys.  The  purpose  of  the  explorations  was  to  determine 
the  excavatability  of  the  roekmass  and  estimate  the  size  and  quality  of 
the  rock  produced  for  use  in  the  dam  embankment.  Information  from  the 
explorations  along  with  laboratory  test  data  was  used  to  make  a 
comparison  between  the  Government  Canyon  Ridge  and  spillway  site 
rockmasses . 

Drilling 

5-44  Eight  HQ3  wireline  core  holes  were  drilled  in  the  area  of  the 
proposed  spillway  excavation.  Two  holes,  C86-15  and  C86-17,  were 
drilled  only  a  few  feet  from  each  other  because  equipment  malfunction 
caused  very  poor  core  recovery  in  hole  C86-15.  See  plate  A-9  for  the 
hole  locations.  Each  hole  was  drilled  to  the  proposed  grade  cuts  for 
the  spillway  excavation.  Pertinent  hole  data  are  listed  in  table  A-7 
and  hole  locations  are  shown  on  plate  A-9. 


Table  A-7-  Spillway  Drilling. 


Hole 

No. 

Date 

Completed 

Hole 

Elevation 

(ft) 

Depth 

Drilled 

(ft) 

Length 

Cored 

(ft) 

C86-15 

11/28/86 

2704.0 

151.1 

141.8 

C86-16 

12/01/86 

2969.7 

295.8 

285.8 

C86-17 

12/01/86 

2704.0 

127. 1 

117.4 

C86-18 

12/08/87 

2911.6 

329-6 

319.6 

C86-19 

12/09/86 

2965.2 

245.2 

235.6 

C86-20 

12/12/86 

2780.0 

210.1 

200.6 

C86-21 

12/11/86 

2716.0 

128.0 

117.6 

C86-22 

12/15/86 

2686.0 

123.5 

113-0 

Total  Footage: 

1610.6 

1531.4 
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Geophysical  Surreys 


5-45  Two  refractive  seismic  surveys,  86-11  and  87-01,  were  conducted  on 
the  spillway  saddle  ridgecrest  and  upstream  slope,  respectively.  See 
plate  A- 10  for  the  location  of  the  survey  lines.  Downhole  surveys  were 
conducted  to  depths  up  to  140  feet  in  holes  C86-19,  C86-20  and  C86-21. 

Trenching 

5-46  No  test  trenches  were  excavated  in  the  area  of  the  proposed 
spillway  excavation,  however,  the  access  road  for  the  drill  rigs, 
created  exposures  of  the  gneissic  rook  up  to  15  feet  high.  These 
exposures  aided  in  the  geologic  mapping  of  the  spillway  site. 

GOTEHMSHT  CANYON  JUDGE 

5-47  Explorations  on  Government  Canyon  Ridge  consisted  of  core  drilling 
and  geophysical  surveys  in  the  area  of  the  proposed  drainage  channel 
excavation.  The  purpose  of  the  explorations  was  to  determine  the 
excavatability  of  the  rockmass  and  estimate  the  size  and  quality  of  the 
rock  produced  for  use  in  the  dam  embankment.  Information  from  the 
explorations  was  also  used  to  plan  the  test  excavation  and  test  fill  to 
be  conducted  during  Embankment  FDM  studies.  Information  from  the 
explorations  along  with  laboratory  test  data  was  used  to  make  a 
comparison  between  the  Government  Canyon  Ridge  and  spillway  site 
rockmasses. 

Drilling 

5-48  Four  HQ  wireline  core  holes  were  drilled  on  Government  Canyon 
Ridge  in  the  area  of  the  proposed  drainage  channel  excavation.  Three 
holes  were  drilled  on  the  ridge  crest  and  one  drilled  on  the  northwest 
side  of  the  ridge.  See  plate  A-9  for  the  hole  locations.  Access  to  the 
drill  sites  was  very  difficult  for  the  truck  mounted  Failing  drill  rig. 
Each  hole  was  drilled  to  the  proposed  grade  cuts  for  the  drainage 
channel  excavation.  Pertinent  hole  data  are  listed  in  table  A-8. 


Table  A-8.  Government  Canyon  Ridge  Drilling. 


Hole 

No. 

Date 

Completed 

Hole 

Elevation 

(ft) 

Depth 

Drilled 

'(ft) 

Length 

Cored 

(ft) 

C86-09 

11/01/86 

2434.0 

300.2 

290.5 

C86- 1 1 

11/13/86 

2391.0 

270.4 

260.4 

C86-14 

11/21/86 

2337.0 

221.5 

211.5 

C86-27 

01/29/87 

2259.0 

119.7 

110.1 

Total  Footage: 

911.8 

872.5 
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Geophysical  Surveys 

5-49  One  refractive  seismic  survey,  86-10,  was  conducted  on  the 
ridgecrest  in  the  vicinity  of  drill  hole  C86-11.  Downhole  surveys  were 
conducted  to  depths  of  180  and  120  feet  in  holes  C86-14  and  C86-27, 
respectively.  See  plate  A-  10  for  the  location  of  refractive  seismic 
survey  86-10. 

Trenching 

5-50  No  test  trenches  were  excavated  on  Government  Canyon  Ridge  in  the 
area  of  the  proposed  excavation.  The  access  road  for  the  drill  rigs, 
however,  created  up  to  15-foot  high  exposures  of  the  gneissic  rock. 

These  exposures  aided  in  the  geologic  mapping  of  the  Government  Canyon 
Ridge  site. 

OUTLET  WORKS 

5-51  Explorations  for  the  outlet  works  were  confined  to  the  inlet  and 
outlet  portal  and  energy  dissipator  sites.  A  combination  of  drill  holes 
and  refractive  seismic  surveys  were  used  to  determine  the  overburden 
thicknesses  and  the  quality  of  rock  for  use  as  a  foundation  for  outlet 
structures . 

Drilling 

5-52  Drilling  for  the  outlet  works  consisted  of  two  core  holes  and  two 
rotary  holes  at  the  inlet  portal  area,  four  core  holes  and  one  bucket 
auger  hole  at  the  outlet  portal  and  one  rotary  and  one  core  hole  in  the 
energy  dissipator.  Hole  C86-24  at  the  outlet  portal  was  an  angle  hole 
inclined  60  degrees  N50E.  All  of  the  rotary-wash  holes  were  originally 
planned  as  core  holes,  however,  the  depth  to  bedrock  in  holes  R86-06  and 
R86-31  was  deeper  than  anticipated  and  hole  R86-08,  in  the  energy 
dissipator  area,  was  abandoned  at  68.5  feet  when  the  roller  bit  broke 
off  in  the  hole.  The  hole  locations  are  plotted  on  plate  A-9.  Data 
from  pertinent  holes  are  presented  in  tables  A-9,  A- 10,  and  A- 11. 


Table  A-9.  Outlet  Works  -  Inlet  Portal  Drilling. 


Hole 

No. 

Date 

Completed 

Hole 

Elevation 

(ft) 

Depth 

Drilled 

(ft) 

Length 

Cored 

(ft) 

R86-06 

10/22/86 

2136.7 

72.8 

C86-07 

10/25/86 

2136.6 

90.8 

49-3 

C86-30 

04/16/87 

2121.9 

120.4 

43.9 

R86-31 

04/18/87 

2137.5 

101.0 

Total  Footage: 

335. 0 

93.2 
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Table  A-10.  Outlet  Works  -  Outlet  Portal  Drilling. 


Hole 

No. 

Date 

Completed 

Hole 

Elevation 

(ft) 

Depth 

Drilled 

(ft) 

Length 

Cored 

(ft) 

C86-12 

11/13/86 

2135.0 

102.0 

27.7 

C86-13 

11/15/86 

2135.0 

76. 1 

15.5 

C86-24 

01/22/87 

2135.0 

119.4 

85.9 

C86-25 

01/24/86 

2135.0 

48.4 

6.8 

LAH-05 

12/01/86 

2130.0 

19.0 

- 

Total  Footage: 

364.9 

135.9 

Table  A- 11 

.  Outlet  Works- 

-  Energy  Dissipator  Drilling. 

Hole 

Date 

Hole 

Depth 

Length 

No. 

Completed 

Elevation 

Drilled 

Cored 

(ft) 

(ft) 

(ft) 

R86-08 

10/28/86 

2021.0 

68.5 

_ 

C86-10 

11/04/86 

2021.0 

126.8 

6.8 

Total  Footage: 

195.3 

6.8 

Geophysical  Surveys 

5-53  Two  refractive  seismic  surveys,  87-03  and  87-05,  were  conducted  in 
the  area  of  the  inlet  portal  in  an  attempt  to  determine  the  configuration 
of  the  bedrock  under  the  proposed  intake  structure.  Similarly,  two 
surveys,  86-03  and  86-08,  were  conducted  on  the  colluvium  covered  slopes 
in  the  area  of  the  outlet  portal  in  order  to  determine  the  depth  to 
bedrock.  One  long  refractive  survey,  811-1/2,  was  conducted  for  the  same 
reason  in  the  area  of  the  proposed  energy  dissipator.  See  plate  A-10 
for  the  location  of  the  geophysical  survey  lines. 

Trenching 

5-54  No  test  trenches  were  excavated  in  conjunction  with  the  outlet 
works  exploration  program. 

DOWNSTREAM  PERVIOUS  BORROW  AREA 

5-55  Five  test  pits  were  excavated  in  the  Santa  Ana  River  Wash 
streambed  alluvium  about  1  mile  downstream  from  the  canyon  mouth  in 
October  1986.  The  locations  of  the  test  pits  are  shown  on  plate  A-55. 
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The  pits  were  exoavated  to  depths  ranging  from  18  to  2*1  feet  with  a 
Cat  235  tracked  backhoe  with  a  48-inch  wide  bucket.  After  excavation, 
the  pit  walls  were  logged  and  photographed,  and  a  sample  of 
approximately  *10,000  lbs  was  taken  from  each  pit. 

IieSKVIOUS  BORROW  AREA 

5-56  The  Mill  Creek  core  borrow  area  was  selected  from  among  five  sites 
investigated  for  the  Flood  Storage  Alternative  Study  as  the  most 
suitable  source  of  impervious  core  material  for  the  proposed  Seven  Oaks 
Dam.  The  factors  considered  in  choosing  a  borrow  source  were: 


a. 

Physical  properties  of  the  material, 

b. 

Available  transportation  system 

near 

the  borrow  site, 

c. 

Distance  from  the  damsite, 

d. 

Cultural  features  at  the  borrow 

site, 

and 

e. 

Site  drainage. 

5-57  The  borrow  site  is  located  on  the  east  side  of  the  Santa  Ana  River 
canyon  mouth,  between  Mill  Creek  and  the  mountain  slopes,  about  3  miles 
from  the  damsite.  The  initial  investigation  in  June  1985  consisted  of 
drilling  14  test  holes  with  a  24-inch  diameter  bucket  auger  to  depths 
ranging  from  8  to  47  feet,  and  excavating  14  test  trenches  with  a 
backhoe  to  a  maximum  depth  of  16  feet.  In  December  1986,  an  additional 
38  test  holes,  between  4  and  65  feet  deep,  and  34  test  trenches  were 
excavated  with  the  same  equipment.  The  location  of  the  test  holes  and 
test  trenches  are  shown  on  plate  A-60.  The  holes  and  trenches  were 
logged  and  disturbed  samples  of  representative  materials  were  collected 
for  classification  and  detailed  laboratory  tests.  To  allow  a 
comprehensive  testing  program  to  be  conducted  on  similar  soil  types, 

21  large  samples  of  potential  core  materials,  weighing  approximately 
700  lbs  each,  were  collected  in  55-gallon  drums.  In  order  to  evaluate 
the  shrinkage  factor  to  be  expected  during  construction,  12  more 
trenches  were  excavated  in  the  preferred  portion  of  the  borrow  area  in 
December  1987.  The  trenches  were  logged  and  sampled  and  a  total  of 
34  sand  cone  density  tests  were  conducted  at  various  depths  in  the 
impervious  soils  that  are  expected  to  be  used  in  the  embankment.  Large 
bag  samples  of  material  corresponding  to  the  layer  in  which  the  density 
test  was  conducted  were  collected  in  order  to  determine  maximum  density 
and  in  situ  percent  compaction  of  the  materials  encountered. 

FAULT  MVESTIGATIONS 

5-58  Trenching  across  the  North  Branch  of  the  San  Andreas  fault  was 
undertaken  in  an  attempt  to  better  understand  the  components  of  the 
fault  zone  within  the  project  vicinity  and  to  establish  recency  of 
faulting.  As  depicted  on  plate  A-48,  the  first  trench  site  (T87-1)  was 
located  along  a  gully  on  the  middle  terrace  on  Government  Canyon 
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Ridge.  The  trench  was  350  feet  in  length  and  up  to  25  feet  deep.  The 
thickness  of  colluvium  and  terrace  deposits  were  much  greater  than 
anticipated  and  the  fault  contact  between  quartz  monzonite  and  Tertiary 
sediments  was  not  uncovered.  The  work  was  stopped  and  the  crench 
backfilled  when  it  became  apparent  that  the  bedrock  would  continue  to 
dip  away  from  the  surface  and  the  wall  of  the  trench  was  becoming 
unsafe.  The  trench  was  subsequently  re-excavated  to  a  depth  of  about 
8  feet  in  order  for  Ray  Weldon  of  the  U.S.  Geological  Survey  (USGS)  to 
inspect  and  map  in  detail  the  finer  grained  colluvium  in  the  area 
overlying  the  projection  of  the  fault. 

5-59  Trench  T87-2  was  located  at  the  edge  of  a  hanging  valley  that 
rises  170  feet  steeply  above  the  Santa  Ana  River  canyon.  The  cut  is 
about  120  feet  long,  up  to  30  feet  wide  and  as  much  as  40  feet  high. 
There  was  about  an  equal  volume  of  finer  grained  colluvium  and  terrace 
deposits  moved,  but  the  terrace  deposits  are  comprised  of  boulders  as 
large  as  10  feet  in  diameter  that  required  a  large  amount  of  time  and 
effort  to  dislodge  and  roll  aside.  It  is  believed  that  furthe*' 
excavation  would  have  exposed  the  Mill  Creek  formation  in  fault  contact 
with  the  gneiss.  Unfortunately,  continued  excavation  in  T87-2  was 
logistically  impossible  because  of  the  steep  slopes  and  large,  loose 
boulders. 

5-60  Two  more  trenches  were  excavated  in  an  attempt  to  expose  the 
contact  between  the  Mill  Creek  formation  and  the  gneiss  on  the  south 
side  of  the  North  Branch  fault  zone.  Trench  T87-6  was  located  along  the 
top  of  the  northeast  end  of  Government  Canyon  Ridge.  Fault  contact 
between  the  Mill  Creek  formation  (Tmc)  and  quartz  monzonite  (qm)  was 
exposed  at  the  northeast  end  of  the  trench,  but  continued  excavation 
towards  the  southwest  required  deeper  and  deeper  trenching  through 
colluvium  and  terrace  deposits.  Eventually,  the  trench  was  20  feet  deep 
with  no  sign  of  the  gneissic  rock.  The  work  was  stopped  and  the  trench 
backfilled  when  the  trench  walls  became  too  steep  to  safely  continue. 
Trench  T87-7  was  located  in  Government  Canyon.  Initially  the  trench  was 
excavated  with  a  dozer  to  a  depth  of  approximately  17  feet  in  what 
turned  out  to  be  a  landslide  mass.  Subsequently,  a  backhoe  was  used  to 
dig  a  6-foot  deep  trench  in  the  floor  of  the  excavation  in  order  to. 
expose  the  base  of  the  slide  .and  underlying  structure. 

5-61  Seven  soil  pits  were  excavated  in  colluvium  to  establish  a  soil 
profile  chronology  that  in  turn  might  help  in  determining  the  recency  of 
faulting  on  the  North  Branch  of  the  San  Andreas  fault  (see  para.  5-04). 
Most  of  the  pits  were  approximately  10  feet  deep  and  excavated  with  a 
D-8  dozer.  One  site  was  inaccessible  to  machinery,  requiring  the  pits 
to  be  excavated  by  hand  tools  to  a  maximum  depth  of  8  feet.  The  pits 
were  spread  out  for  2,000  feet  along  the  ridge  and  benches  on  the  north 
side  of  the  Santa  Ana  River  canyon,  on  each  side  of  the  fault  zone,  and 
were  located  on  each  of  the  three  terraces. 
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FEATURE  DESIGN  INVESTIGATIONS 


5-62  Additional  field  investigations  are  required  in  order  to  complete 
the  approved  plan  of  study  for  Seven  Oaks  Dam.  The  data  from  the 
investigations  will  be  incorporated  in  the  Feature  Design  Memorandums 
for  the  outlet  works  and  the  embankment  and  spillway.  The  scope  of 
remaining  investigations  for  each  project  feature  is  discussed  in  the 
following  paragraphs. 

Streambed  Foundation 

5-63  The  majority  of  the  embankment  foundation  investigation  will  be 
included  in  the  proposed  test  fill  contract  activities  because  of  the 
cost  and  the  heavy  equipment  necessary  for  both  operations.  It  will 
include  the  excavation  of  three  test  pits  to  depths  of  about  40  feet, 
with  large-scale  density  tests  conducted  at  various  depths,  geophysical 
testing,  pumping  tests,  and  comparison  of  in  situ  densities  with 
laboratory  maximum  and  test  fill  densities  determined  on  the  excavated 
materials.  A  complete  discussion  of  the  proposed  test  excavation  and 
test  fill  program  begins  in  paragraph  13-03  of  this  appendix. 

5-64  Additional  rotary  and  core  drilling  will  be  conducted  in  the 
streambed  during  the  FDM  study  phase  in  order  to  refine  the  bedrock 
contours,  the  diorite/gneiss  contact,  and  the  streambed  foundation 
rockmass  permeability.  Special  emphasis  will  be  placed  on  establishing 
the  rockmass  permeability  at  depth  between  50  and  300  feet  in  order  to 
more  precisely  design  the  foundation  grouting  program  and  refine  the 
cost  estimate. 

Right  Abutment 

5-65  Subsurface  investigation  of  the  right  abutment  will  be  conducted 
after  the  surface  is  stripped  and  an  access  road  system  constructed  as 
described  in  paragraph  12-17  of  this  appendix.  Several  core  holes,  both 
vertical  and  angled,  will  be  drilled  into  the  right  abutment.  Rockmass 
permeability  values  from  the  core  holes  will  be  used  in  the  detailed 
design  of  the  foundation  grout  curtain.  Excavation  at  the  abutment  will 
allow  detailed  mapping  of  the  rock  surface,  especially  in  the  core 
contact  area.  Information  from  the  mapping  and  inspection  of  the  rock 
surface  will  allow  for  a  detailed  foundation  treatment  plan  and  cost 
estimate. 

Left  Abutment 

5-66  Excavation  of  the  left  abutment  as  a  part  of  an  early  construction 
contract  will  allow  detailed  mapping  of  the  entire  abutment  rock  surface 
and  development  of  a  refined  cost  estimate  for  foundation  surface 
treatment.  In  addition,  several  core  borings  on  the  abutment,  in 
conjunction  with  exploration  for  the  outlet  works  tunnel,  will  provide 
the  basis  for  a  detailed  foundation  grouting  plan  and  cost  estimate. 
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Spillway 


5-67  Several  core  holes  will  be  drilled  in  the  proposed  spillway  in 
order  to  verify  the  continuity  of  rockmass  properties  as  determined  in 
the  Phase  II  studies  and  presented  in  this  appendix.  Video  borehole 
camera  surveys  will  be  attempted  in  at  least  two  holes.  Information  on 
the  orientation  of  the  discontinuities  in  the  boreholes  as  well  as  more 
detailed  mapping  of  bedrock  surface  exposures  will  allow  for  a  more 
definitive  cut-slope  design  and  construction  cost  estimate. 

Government  Canyon  Ridge 

5-68  As  a  part  of  a  test  fill  and  test  excavation  contract,  a  portion 
of  the  ridge  in  the  area  of  the  proposed  drainage  channel  will  be 
excavated,  hauled,  placed,  and  compacted.  This  procedure  will  provide 
information  on  the  excavatability  and  durability  of  the  rock  and 
stability  of  the  cut-slopes.  In  addition,  three  core  holes  will  be 
drilled  from  the  ridgecrest  in  the  area  proposed  for  use  in  the 
downstream  transition  zone  in  order  to  verify  continuity  of  rockmass 
properties. 

Outlet  Harks 

5-69  For  the  Feature  Design  Memorandum,  exploration  of  the  outlet  works 
will  consist  of  core  drilling  and  adits  with  borehole  camera  surveys,  in 
situ  borehole  testing,  residual  stress  testing,  rock  permeability 
testing  and  laboratory  rock  testing.  The  core  drilling  program  is 
general  and  will  consist  of  horizontal  holes  at  the  two  portals  and 
vertical  and  inclined  holes  along  the  tunnel  alignment.  The  holes  will 
initially  determine  general  rock  conditions  in  the  areas  of  proposed 
structures  for  the  outlet  including  presence  of  major  shears  and  the 
permeability  of  the  rock  mass  needed  for  evaluation  of  the -hydrostatic 
loading  on  the  tunnel.  The  horizontal  holes  will  al3o  provide 
information  needed  for  excavation  of  the  adits,  one  at  each  portal.  The 
adits  will  extend  200  to  500  feet  into  the  hill  and  will  be  constructed 
after  the  alluvium  (colluvium)  has  been  removed  during  the  test  fill 
contract  described  in  paragraph  5-66.  The  adits  will  allow  close 
observation  of  the  bedrock  conditions  3uch  as  shears,  joint 
orientations,  weak  zones,  etc.,  which  are  vital  to  the  portal  and  gate 
chamber  designs  and  which  may  not  be  retrieved  in  the  drill  hole  cores. 
Flat  jack  tests  would  be  conducted  in  the  adits  to  determine  the 
residual  stresses  in  the  hill  which  could  affect  the  tunnel  support 
design.  Subsequent  to  the  FDM  studies,  it  is  recommended  that  the  adits 
be  joined  so  that  a  complete  exploratory  tunnel  would  be  available  for 
inspection  which  could  reduce  construction  contingencies  and  cost 
escalation  and  result  in  better  contractor  bids. 

Downstream  Pervious  Borrow  Area 

5-70  A  test  pit  will  be  excavated  to  a  depth  of  approximately  50  feet 
to  confirm  the  suitability  of  materials  to  the  full  depth  of  expected 
borrow  excavation.  Inspection  trenches  will  be  excavated  during  the 
advertising  period  to  allow  prospective  bidders  to  evaluate  the  nature 
of  the  borrow  materials. 
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Impervious  Borrow  Area 


5-71  No  further  field  investigations  are  proposed  for  the  impervious 
borrow  area. 
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VI.  LABORATORY  TESTING  PROGRAM  FOR  ROCK  QUALITY 


Purpose  and  Scope 

6-01  A  series  of  laboratory  tests  was  conducted  by  the  South  Pacific 
Division  Laboratory  on  core  samples  from  the  Seven  Oaks  site.  The  tests 
included  unconfined  compressive  strength,  specific  gravity  and 
absorption,  wetting  and  drying,  Los  Angeles  abrasion  and  petrographic 
analysis.  The  purpose  of  the  tests  was  twofold.  First,  unconfined 
compressive  strength  tests  were  conducted,  mainly  on  outlet  works  and 
foundation  rock,  in  order  to  determine  design  values  for  the  bedrock  and 
to  correlate  results  with  point  load  strength  data.  Second,  the 
remaining  rock  quality  tests  were  conducted  primarily  on  core  samples 
from  the  spillway  and  Government  Canyon  Ridge  in  order  to  better 
estimate  the  suitability  of  these  materials  for  use  in  the  embankment 
and  better  predict  the  amount  of  rock  breakdown  during  excavation, 
placement,  and  compaction. 


Uncon fined  Compressive  Strength 

6-02  Initially,  it  was  planned  on  conducting  at  least  one  laboratory 
unconfined  compression  test  on  every  50  feet  of  recovered  core. 

However,  because  of  the  highly  broken  nature  of  the  bedrock  and  numerous 
incipient  planes  of  weakness,  it  was  difficult  to  find  core  pieces 
suitable  for  testing  (isotropic  and  at  least  two  diameters  in  length). 

In  all,  27  samples  were  sent  to  the  South  Pacific  Division  Laboratory 
for  compressive  strengh  tests.  Out  of  these  samples,  19  valid  tests 
were  performed.  In  some  instances  the  samples  broke  during  shipment  or 
preparation  for  testing.  In  five  cases,  test  results  were  questionable 
because  the  samples  broke  along  seams,  veins  or  foliation.  Where  the 
samples  were  long  enough,  a  point  load  test  was  conducted  in  the  field 
on  one  end  before  sending  the  sample  to  the  laboratory.  It  was  felt 
that  tests  on  these  samples  would  give  the  most  valid  correlation 
between  compressive  strength  and  point  load  strength  indices. 
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Rock  Quality  Tests 


6-03  For  the  spillway  and  Government  Canyon  excavations,  the  main 
purpose  of  the  field  investigations,  field  and  laboratory  testing  was  to 
determine  the  size  and  quality  of  the  excavated  rock.  Because  a  test 
excavation  and  test  rock-fill  was  beyond  the  soope  of  the  Phase  II  GDM 
explorations,  an  attempt  was  made  to  indirectly  determine  the  quality  of 
the  rock  by  quantitative  means.  Previous  studies  as  reported  by  Wilson 
and  Marsal  (1979)  used  water  absorption  and  Los  Angeles  abrasion  tests 
to  evaluate  the  soundness  of  mineral  grains.  This  in  turn  is  related  to 
grain  breakage  in  a  rockfill  section.  The  rock  quality  testing  program 
for  the  spillway  and  Government  Canyon  Ridge  included  specific  gravity 
and  absorption,  Los  Angeles  abrasion,  wetting  and  drying  tests  and 
petrographic  analyses. 

SAMPLING  PROCEDURE 

6-04  For  sampling  purposes  it  was  assumed  that  point  load  test  results 
could  be  used  as  a  qualitative  index  of  overall  rock  quality.  Since 
approximately  20  pounds  or  5  feet  of  core  were  required  for  each 
abrasion  test,  it  was  decided  to  send  entire  core  boxes  containing 
approximately  11  feet  of  core  to  the  laboratory.  After  the  abrasion 
tests,  four  samples  for  specific  gravity  and  absorption  tests,  one  or 
two  samples  for  wetting  and  drying  and  one  "representative"  sample  for 
petrographic  analysis  were  selected  from  the  remaining  core.  Drill  logs 
of  eleven  core  holes  drilled  in  the  spillway  and  Government  Canyon  Ridge 
were  analyzed  to  select  one  or  two  boxes  from  each  hole  containing  core 
intervals  with  point  load  tests  at  or  below  the  average  point  load 
strength  for  that  hole.  Because  the  point  load  test  can  only  be 
performed  on  the  longer  (and  presumably  better  quality)  core  pieces,  the 
average  point  load  strength  for  a  hole  is  actually  the  average  for  the 
better  quality  core  from  that  hole:  core  lost  or  highly  broken  can  not 
be  tested.  Therefore,  core  with  below  "average"  strength  is  believed  to 
be  a  more  true  representation  of  all  the  core  from  a  hole. 
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VII.  RESULTS  OF  INVESTIGATIONS  AND  TESTING 


Core  Drilling  -  General 

7-01  The  results  of  the  RQD  and  core  recovery  percentage  calculations 
for  each  core  run  are  presented  on  the  drill  logs  on  plates  A-11  through 
A-29  Individual  point  load  strength  index  results  are  also  depicted  on 
the  drill  logs  along  with  interval  permeabilities  as  determined  from 
pressure  tests.  RQD  and  point  load  strength  values  are  presented 
graphically  on  plates  A-30  through  A-35  along  with  a  plot  of 
discontinuity  frequency  and  a  qualitative  depiction  of  the  degree  of 
weathering.  These  four  parameters  were  chosen  to  represent  the  overall 
rock  quality  of  the  cores.  From  the  graphs,  it  is  possible  to  identify 
zones  of  poorer  quality  rock  (low  RQD,  high  discontinuity  frequency,  low 
strength  and  high  degree  of  weathering)  especially  relative  to  the 
average  values  for  each  individual  hole.  The  results  of  the  core 
drilling  as  well  as  other  investigations  and  testing  are  presented  in 
this  section  according  to  specific  project  features. 

Streambed  Foundation  Bedrock 

DRILLING  SOMURT 

7-02  Logs  of  holes  drilled  in  the  streambed  are  presented  on  plates 
A-11  through  A-17.  A  summary  of  drilling  in  the  streambed  foundation  is 
presented  in  table  A-12. 
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Table  A-12.  Streambed  Drilling  Summary. 


) 


Hole 

No. 

Rocktype 

Bedrock 

Depth 

(ft) 

Recovery 

(*) 

RQD 

<*) 

Discon. 
Freq. 
(per  ft) 

Point 

Load 

(lb/in2) 

K 

(ft/day) 

C84-01 

Diorite 

82.5 

72 

3 

9.4 

122 

0.00 

C84-02 

Diorite 

79.7 

88 

22 

7.3 

155 

0.10 

C84-03 

Diorite 

85.0 

94 

42 

5.4 

217 

0.32 

C84-04 

Diorite 

63.5 

96 

38 

6.9 

169 

0.01 

C84-05 

Diorite 

87.7 

77 

5 

7.5 

116 

0.01 

C86-02 

Dior/gn 

17.5 

98 

38 

5.5 

146 

0.03 

C86-05 

Gneiss 

56.5 

97 

21 

3-6 

- 

- 

C86-26 

Diorite 

82.5 

63 

9 

6.9 

122 

0.01 

C86-28 

Diorite 

72.2 

58 

10 

9.6 

73 

0.02 

C86-29 

Gneiss 

25.5 

89 

35 

6.3 

168 

0.08 

C86-32 

Diorite 

8.5 

96 

51 

3.8 

181 

0.00 

C86-33 

Gneiss 

94.7 

94 

23 

3-8 

207 

0.02 

C86-34 

Diorite 

30.0 

100 

49 

3-4 

237 

0.10 

C86-35 

Gneiss 

36.0 

89 

35 

6.6 

139 

0.14 

C86-36 

Gneiss 

53-7 

87 

18 

6.5 

135 

0.00 

C86-37 

Gneiss 

49.0 

83 

15 

5.5 

99 

0.00 

C86-38 

Gneiss 

84.0 

63 

0 

9.6 

- 

- 

C86-39 

R84-01 

R84-02 

R84-03 

R86-01A 

R86-01B 

R86-01C 

R86-02A 

R86-02B 

R86-02C 

R86-03A 

R86-03B 

R86-03C 

R86-41 

Gneiss 

69.5 

49.6 

46.5 

78.5 
83.0 
63.0 
56.0 
70.0 
71.0 

72.5 
101.0 
100.0 

96.0 

33.5 

83 

41 

4.6 

133 

Overall 

Average: 

64.5 

85 

25 

6.2 

151 

0.06 

Diorite 

Average : 

65.8 

83 

25 

6.7 

155 

0.06 

Gneiss  Average: 

58.6 

86 

25 

5.8 

147 

0.06 

GEOPHYSICAL  SURVEY  RESULTS 

7-03  The  results  of  the  geophysical  surveys  conducted  in  the 
streambottom  are  presented  in  the  following  paragraphs. 


) 
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Refractive  Seismic 


7-04  The  time-distance  graphs  and  subsurface  interpretations  for  the  15 
refractive  seismic  survey  lines  conducted  in  the  streambed  are  presented 
on  plates  A-36  and  A-39-  Basically,  three  significant  velocity  zones 
are  identifiable.  Layer  1  (VI)  represents  dry,  unconsolidated  alluvium 
or  colluvium;  layer  2  (V2)  represents  dense,  saturated,  coarse  clastic 
alluvium;  and  layer  3  (V3)  represents  foundation  bedrock.  The  measured 
velocities  in  feet  per  second  and  generalized  depths  in  feet  (D)  for  the 
layers  identified  in  the  streambed  refractive  seismic  surveys  are  shown 
in  table  A-13* 


Table  A-13*  Streambed,  Results  of  Refractive  Seismic  Surveys. 


Line  No. 

VI 

(ft/s) 

D1 

(ft) 

V2 

(ft/s) 

D2 

(ft) 

V3 

(ft/s) 

L-1 

1,600-2,500 

10 

6,500-7,500 

80 

12,500 

L-2 

2,500 

20 

6,000-7,000 

80 

12,000 

L-3 

1,800 

15 

6,000-8,500 

70 

11,500 

L-4 

1,700-1,800 

15 

8,000-8,500 

80 

10,750 

84-3 

800-2,000 

10 

8,200 

84-6/7 

800 

5 

8,000 

50 

11,000 

84-8/9 

1,400 

10 

7,600 

85-1/2 

800-2,500 

25 

9,800 

85-5 

1,400 

5 

7,200 

25 

11,000 

86-01 

1,900 

15 

8,240 

86-02 

1,800 

10 

8,750 

80 

12,700 

86-05 

700-4,400 

20 

8,500 

86-07 

1,000-2,000 

20 

8,100 

135 

16,000 

87-02 

1,400 

10 

7,900 

60 

12,000 

87-04 

1,400 

5 

8,000 

40 

11,000 

Downhole  Seismic 

7-05  Downhole  geophysical  surveys  to  measure  the  P-wave  velocity  of  the 
streambed  foundation  bedrock  were  not  conducted. 

LABORATORY  TEST  RESULTS 

7-06  The  results  of  laboratory  tests  on  samples  from  the  streambed 
foundation  bedrock  are  presented  in  the  following  paragraphs. 

Unconfined  Compressive  Strength 

7-07  Unconfined  compression  tests  were  conducted  on  8  samples  from 
streambed  foundation  core  holes.  The  results  of  those  tests  are 
presented  below  in  table  A-14.  If  a  point  load  test  was  conducted  on 
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one  end  of  a  core  piece  sent  to  the  laboratory,  that  value  and  the  ratio 
of  compressive  strength  to  point  load  index  strength  is  also  presented. 
Compressive  strength  values  with  an  asterisk  (*)  are  of  questionable 
validity  because  of  failure  along  veins  or  foliation. 


Table  A-14.  Streambed  Foundation  Bedrock,  Results 
of  Compressive  Strength  Tests. 


Hole  No. 

Rocktype 

Depth 

(ft) 

Unconfined 

Compressive 

Strength 

(lb/in2) 

Point 

Load 

Index 

(lb/in2) 

Ratio 

C84-03 

Diorite 

166.8 

5,960 

302 

19.7 

C86-26 

Diorite 

126.4 

3,463 

- 

- 

C86-29 

Gneiss 

77.1 

7,833 

- 

- 

C86-32 

Diorite 

28.2 

6,032 

302 

20.0 

C86-32 

Diorite 

33.1 

3,565* 

170 

21.0 

C86-32 

Diorite 

42.3 

4,787* 

227 

21.1 

C86-34 

Diorite 

51.6 

6,641 

391 

17.0 

C86-34 

Diorite 

77.2 

2,446* 

139 

17.6 

Average: 

5,091 

19-4 

Rock  Quality 

7-08  The  gneiss  sample 

from  hole 

C86-29  was  also 

tested  for  specific 

gravity  and  absorption  with  the  following  results: 

Table  A- 15 

.  Streambed  Foundation  Bedrock, 

Results 

of  Rock  Quality 

Tests. 

Specific 

Hole  No. 

Rocktype 

Depth 

Gravity 

Absorption 

(ft) 

(bulk  SSD) 

<%) 

C86-29 

Gneiss 

77.1-77.8 

2.75 

0.71 

Petrographic  Analysis 

7-09  Samples  from  the  streambed  foundation  bedrock  were  not 
petrographically  analyzed . 
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FIELD  TESTS  AND  RESULTS 

7-10  The  field  tests  conducted  in  the  streambed  alluvium  at  the  damsite 
included  seismic  surveys,  density  tests  and  a  pumping  test  to  determine 
aquifer  characteristics. 

Refractive  Seisnic  Surveys 

7-11  The  refractive  seismic  surveys  performed  by  both  CESPL  personnel 
and  Leighton  and  Associates  indicate  two  distinct  layers  within  the 
streambed  alluvium  corresponding  to  unsaturated  and  saturated 
alluvium.  The  surficial,  dry,  unconsolidated  granular  alluvium  exhibits 
characteristically  low  P-wave  velocities  in  the  range  between  500  and 
1,400  ft/s.  The  coarse,  granular  alluvium  below  the  water  table  yields 
compressional  wave  velocities  between  6,000  and  8,200  ft/s,  but  mostly 
closer  to  8,000  ft/s.  For  saturated  alluvium,  these  velocities  are 
relatively  high  and  could  be  due  to  the  concentration  of  cobbles  and 
boulders.  However,  since  drilling  logs  do  not  indicate  a  significant 
increase  in  the  volume  of  boulders  with  increasing  depth,  the  higher 
velocities  are  more  probably  due  to  the  relatively  dense  nature  of  the 
deposit.  Near  the  edges  of  the  canyon  bottom  and  overlying  the  bedrock 
downstream  of  the  left  abutment,  the  colluvium/alluvium  is  characterized 
by  compressional  wave  velocities  intermediate  between  the  saturated  and 
unsaturated  alluvium  (line  85-3)*  Since  these  deposits  are  dry,  the 
velocities  are  higher  than  that  for  dry  streambed  alluvium  because  of 
the  denser,  slightly  silty  sand  matrix.  A  summary  of  refractive  seismic 
surveys  in  the  streambed  is  shown  in  table  A-16. 


Table  A-16.  Results  of  Refractive  Seismic  Surveys  in 
Foundation  Alluvium  (lines  84-1  to  84-5). 


Layer 

Velocity 

(ft/s) 

Depth 
to  Base 
(ft) 

Thickness 

(ft) 

Inferred 

Geologic  Interpretation 

1 

500-1,400 

2-13 

2-13 

Unsaturated  streambed  alluvium 

2 

1,300-3,000 

11-29 

9-18 

Colluvium/alluvium  near  canyon 
edge 

1,900 

65-85 

60-80 

Colluvium/alluvium  d/s  from 
outlet  portal 

3 

6,000-8,000 

35-100 

30-80 

Saturated  streambed  alluvium 

4 

9,800-12,000 

n«d« 

n.a. 

Bedrock  (buried  at  depth 

3,500-6,700 

n*s* 

n.a. 

Bedrock  (surface  exposures) 
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Crosshole  and  Downhole  Geophysical  Surveys 

7-12  As  with  the  refractive  seismic  surveys,  the  crosshole  and  downhole 
geophysical  surveys  indicate  that  the  streambed  alluvium  is  loose  to 
moderately  dense  near  the  surface  and  dense  to  very  dense  below  a  depth 
of  about  20  feet.  Downhole  and  crosshole  shear  wave  velocities  average 
750  and  770  ft/s,  respectively,  for  the  surficial  soils  above  the 
groundwater,  and  2,000  and  1,600  ft/s,  respectively,  for  the  saturated 
sands  and  gravels  below  groundwater.  The  eompressional  wave  (P-wave) 
velocities  average  1,520  ft/s  in  the  surficial  soils  and  increase  with 
depth  to  7,500  ft/s  in  the  saturated  river  sands  and  gravels.  See 
attachment  A-3  for  the  plots  of  shear  wave  and  eompressional  wave 
velocities  prepared  by  Woodward-Clyde  Consultants.  These  values  are 
very  similar  to  the  results  of  crosshole  seismic  surveys  at  the 
previously  investigated  Mentone  damsite,  averaging  slightly  higher  at 
the  Seven  Oaks  damsite. 

Large-Scale  Density  Tests 

7-13  Ten  large-scale  density  tests  were  conducted  under  contract  by 
Woodward-Clyde  Consultants  at  approximately  5- foot  depth  increments  in 
the  3  trenches  excavated  in  the  foundation  in  October  1984.  A 
fiberglass  ring,  8  inches  high  and  A  feet  in  diameter,  was  used  to 
obtain  in-place  densities  of  the  alluvial  materials.  The  area  to  be 
tested  was  hand  leveled  to  provide  a  relatively  smooth  surface  upon 
which  to  set  the  ring  so  that  it  did  not  rock  or  shift  over  high 
points.  Plastic  sheeting  was  then  placed  over  the  ring  and  anchored  at 
the  base.  Water  was  placed  in  the  ring  to  a  fixed  level  to  determine 
the  initial  volume  of  the  ring.  After  removing  the  water  and  plastic, 
materials  within  the  ring  were  excavated  with  picks  and  shovels  to  a 
depth  of  approximately  1.5  feet.  Between  800  and  1,300  pounds  were 
removed  for  each  test.  The  plastic  sheeting  was  replaced  inside  the 
ring  and  filled  with  water  to  determine  the  final  volume  of  the  hole. 

The  volume  of  the  test  hole  was  determined  by  calculating  the  difference 
in  volume  of  water  required  to  fill  the  ring  before  and  after 
excavation.  The  density  of  the  in-place  material  was  calculated  by 
dividing  the  weight  of  the  excavated  material  by  the  volume  of  the  hole. 
The  materials  removed  in  the  tests  were  placed  in  55-gallon  drums  and 
retained  for  classification  and  detailed  laboratory  tests. 

7-14  The  dry  densities  of  the  in-place  near  surface  materials,  shown  on 
plate  A-51,  ranged  from  109  to  137  lb/ft  ,  with  an  average  value  of 
125  lb/ft3.  Based  on  experience  with  similar  materials  in  the  general 
vicinity  of  the  site,  these  values  are  less  uniform  and  lower  than 
expected.  For  example,  the  average  in-place  dry  density  of  33  large-scale 
density  tests  in  the  foundation  of  the  proposed  Mentone  Dam  site,  about 
4  miles  downstream  where  somewhat  less  rock  is  present,  was  1 33  lb/ ft3. 

At  the  proposed  Lytle  Creek  damsite,  where  depositional  and  material 
characteristics  are  very  similar,  the  average  of  7  large-scale  density 
tests  was  136  lb/ ft3.  All  tests  were  conducted  with  the  same  laboratory 
equipment  and  procedure  and,  the  materials  being  similar  in  size, 
origin,  depositional  nature,  and  density,  the  results  of  field  and 
laboratory  tests  would  be  expected  to  be  similar. 
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7-15  Several  possible  reasons  for  the  wide  range  and  generally  low 
values  are  apparent:  physical  errors  in  testing  and  measurement, 

\  selective  excavation  of  field  density  tests  in  intervals  of  relatively 

sandy  materials  that  would  be  easier  to  dig,  improper  sampling  of 

materials  for  laboratory  testing,  poor  reporting  of  field  conditions,  or  , 

actual  existence  of  highly  variable  conditions  in  the  foundation. 

Extensive  foundation  investigations  are  planned  during  the  FDM  study 
phase  to  resolve  the  apparent  discrepancies  and  form  a  basis  for  design 
of  the  embankment  foundation. 

Aquifer  Test 

7-16  A  drawdown  test  was  performed  during  November  1984  to  determine 
the  aquifer  characteristics  of  the  foundation  alluvium.  Water  was 
pumped  out  of  a  10-inch  diameter  well  (boring  B84-9,  shown  on  plate  A-9) 
at  a  rate  of  870  gal/min  while  the  amount  of  drawdown  was  measured  in 
6  observation  wells.  The  distance  to  the  observation  wells  ranged  from 
15  to  428  feet  from  the  pumping  well.  After  pumping,  the  rate  of 
recovery  of  the  water  level  was  measured  in  each  well. 

7-17  The  data  from  the  pump  test  were  analyzed  assuming  an  average 
depth  of  alluvium  of  80  feet,  an  average  thickness  of  the  aquifer  of 
65  feet,  and  that  the  bedrock  canyon  walls  act  as  impermeable  boundaries 
to  the  unconfined  alluvial  aquifer.  The  Santa  Ana  River  was  flowing  at 
a  rate  of  approximately  3  ft  "Vs  at  a  distance  of  about  150  feet  from  the 
pumping  well. 

7-18  The  results  of  the  aquifer  test  indicate  that  the  permeability,  or 
hydraulic  conductivity,  of  the  streambed  alluvium  ranges  from  about 
1,900  to  2,700  gal/day/ft2.  The  average  permeability  is  about 
2,220  gal/day/ft2,  or  about  300  ft/day  (0.10  cm/sec).  Based  on  assumed 
aquifer  thickness,  the  average  transmissivity  of  the  aquifer  was 
calculated  to  be  133,000  gal/day/ft2  with  a  storativity  value  of  about 
0.015. 

LABORATORY  TESTS  AMD  RESULTS 

7-19  Laboratory  tests  were  conducted  as  described  in  the  following 
paragraphs  to  determine  the  gradation,  density  and  strength 
characteristics  of  the  streambed  alluvium. 

Mechanical  Analysis 

7-20  The  gradation  of  each  large-scale  density  sample  was  determined  by 
oven  drying  the  materials  and  then  shaking  them  through  screens  with 
openings  ranging  from  3  inches  to  0.074  mm  in  accordance  with  Appendix  V, 

EM  1110-2-1906,  "Laboratory  Soils  Testing."  Atterberg  limits  tests  and 
hydrometer  analysis  were  not  performed  because  of  the  obvious  nonplastic 
nature  of  the  materials.  The  materials  were  classified  in  accordance 
with  ASTM  D  2487.  The  soil  logs  with  the  results  of  the  mechanical 
analysis  of  the  minus  3  inch  portion  of  the  materials  and  the 
classifications  are  shown  on  plate  A-50.  Gradation  curves  are  shown  on 
plate  A-51. 
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7-21  The  limited  investigation  and  testing  to  date  indicate  that  the 
streambed  alluvium  in  the  vicinity  of  the  proposed  dam  is  predominantly 
gravelly  sand  with  varying  amounts  of  cobbles  and  boulders.  Based  on 
the  samples  obtained  from  the  large-scale  density  tests,  the  minus 

6- inch  materials  typically  contain  less  than  2  percent  nonplastic  fines, 
about  40  percent  sand,  and  about  60  percent  larger  than  No.  4  size.  The 
gradation  range  of  the  samples  is  shown  on  plate  A-51  along  with  the 
average  and  upper  and  lower  quartiles.  By  visual  estimates,  approximately 
one-third  of  the  alluvial  foundation  material  consists  of  cobbles  and 
boulders  up  to  5  feet  in  diameter.  Inspection  of  the  test  trenches 
indicates  that  point-to-point  contact  between  cobbles  and  boulders  is 
relatively  common,  however,  the  space  between  these  larger  stones  is 
filled  with  sand  and  gravel.  No  evidence  was  noted  of  nesting  of  cobbles 
or  of  seams  of  open-graded  gravels.  Occasional  pockets  of  poorly-graded, 
medium-grained  sand  were  observed  in  the  sides  of  the  trenches.  Further 
investigation  indicated,  however,  that  the  sand  pockets  were  relatively 
small,  averaging  4  to  8  feet  in  length,  and  discontinuous.  The  average 
thickness  of  the  sand  layers  was  about  1  foot. 

Maximum  Density 

7- 22  The  maximum  density  of  each  large-scale  in-place  density  sample 
was  determined  using  vibratory  compaction  methods  on  the  minus  6-inch, 
minus  3-inch,  and  minus  1-1/2-inch  portions  of  the  sample.  The  test 
procedure  and  equipment  used  to  determine  the  maximum  density  of  the 
minus  6-inch  and  minus  3-inch  portions  was  developed  by  the  California 
Department  of  Water  Resources  to  obtain  maximum  densities  of  coarse 
grained  cohesionless  soils.  Approximately  500  pounds  of  minus  3-inch 
material  were  first  placed  in  a  27-inch  diameter  by  30-inch  high  mold. 

A  calculated  amount  of  water  to  almost  saturate  the  sample  was  added 
prior  to  placement,  the  surface  leveled,  and  a  steel  surface  plate 
placed  on  top  of  the  sample,  A  1,060  lb  concrete  block  surcharge, 
equivalent  to  about  2  lb/ in2,  was  then  placed  on  the  surface  plate,  the 
entire  mold  hoisted  off  the  ground,  and  the  mold  vibrated  at 
approximately  7,500  vib/min  for  exactly  15  minutes.  Readings  were  taken 
at  4  locations  after  1,  5,  10  and  15  minutes.  The  readings  consisted  of 
measuring  from  the  top  of  the  mold  to  the  top  of  the  steel  plate.  The 
volume  of  the  sample  was  determined  by  subtracting  the  averaged  readings 
and  plate  thickness  from  the  mold  height  and  multiplying  the  sample 
height  times  the  mold  area.  Any  pumped  material  was  removed  and  the 
weight  of  the  dry  pumped  material  was  determined.  The  dry  density  was 
determined  by  dividing  the  volume  into  the  dry  weight  of  the  material 
placed  in  the  mold  minus  the  dry  weight  of  the  pumped  material. 

7-23  The  sample  was  removed  from  the  mold,  and  an  appropriate  amount  of 
minus  3-inch  material  was  removed  and  replaced  with  3-  to  6-inch 
material  to  produce  another  500  pounds  sample  whose  gradation  was  then 
representative  of  the  minus  6-inch  portion  of  the  entire  sample.  This 
material  was  tested  in  the  27-inch  diameter  mold  to  determine  the 
maximum  density  of  this  portion  of  the  material. 

7-24  The  maximum  and  minimum  densities  of  the  minus  1-1/2-inch  portions 
of  the  field  density  samples  were  determined  using  ASTM  D  4253  and 
D  4254  test  methods.  These  tests  utilize  an  11-inch  diameter,  0.5  ft^ 
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mold,  vibrated  for  8  minutes  at  3,600  cycles/min  with  a  2  lb/inc 
surcharge.  These  materials  were  tested  dry,  as  recommended  in 
Appendix  XII,  EM  1110-2-1906,  "Laboratory  Soils  Testing." 

7-25  Rock  correction  formulas  were  applied  to  all  the  maximum  density 
values  to  compensate  for  the  varying  amounts  of  oversize  material  that 
were  not  included  in  the  laboratory  tests  due  to  equipment 
limitations.  The  oversize  material  was  replaced  mathematically  to 
adjust  the  laboratory  density  to  the  in  situ  density  by  the  following 
equation: 

1 

T  =  _ 

P  +  1-P 

62. 4G  M 

T  =  Adjusted  dry  density 

P  s  Decimal  percent  of  oversize 

G  =  Bulk  specific  gravity  of  oversize 

M  =  Dry  density  of  minus  fraction  used  in  density  test 

Since  manipulation  of  the  amount  of  oversize  material  also  changes  the 
void  ratio  of  the  sample,  the  effects  of  disturbance  were  also 
investigated.  Based  on  suggested  corrections  in  published  literature, 
it  was  found  that  adjustments  due  to  disturbance  were  usually  less  than 
one  percent  for  the  materials  at  Seven  Oaks  Dam  and  could  be  ignored. 
However,  additional  evaluation  of  disturbance  effects  will  be  conducted 
during  the  FDM  study  phase. 

7-26  Laboratory  maximum  density  test  results  on  the  minus  6-inch,  minus 
3-inch,  and  minus  1-1/2-inch  portions  of  the  materials  from  the 
large-scale  field  density  tests  are  summarized  in  table  A-17.  This 
shows  that  laboratory  maximum  densities  ranged  from  112  to  130  lb/ft ^ 
for  minus  6-inch  materials,  from  93  to  131  lb/ft’  for  minus  3-inch 
materials,  and  from  107  to  135  lb/ft^  for  minus  1-1/2-inch  materials. 

When  the  densities  are  adjusted  for  the  amount  of  oversize  material  that 
was  not  included  in  the  test,  the  maximum  density  values  ranged  from  1 1 9 
to  138  lb/ft^,  from  93  to  143  lb/ft^,  and  from  107  to  145  lb/ft’  for 
minus  6-inch,  minus  3-inch,  and  minus  1-1/2-inch  materials,  respectively. 
These  numbers  may  not  accurately  represent  the  actual  conditions, 
however,  since  some  of  the  in  situ  density  samples  are  in  question,  the 
number  of  samples  is  low,  and  the  percent  of  oversize  material  corrected 
for  ranged  up  to  51  percent,  whereas  30  percent  is  the  commonly  accepted 
upper  limit  for  applying  rock  corrections  without  introducing 
significant  error. 

7-27  When  compared  with  these  adjusted  laboratory  maximum  densities, 
the  in  situ  densities  correspond  to  relative  compactions  ranging  from  83 
to  103  percent  for  minus  6-inch  materials,  from  83  to  117  percent  for 
minus  3-inoh  materials,  and  from  80  to  104  percent  for  minus  1-1/2-inch 
materials.  The  corrected  maximum  densities  and  the  in-place  dry  density 
for  each  field  density  test  are  plotted  versus  depth  on  plate  A-51  for 
each  trench. 
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Tri axial  Compression 

7-28  Two  samples  of  foundation  material  from  the  in-place  density  tests 
were  selected  as  representative  of  the  relatively  lower  and  higher  sand 
contents  of  the  foundation  gradation  range.  These  samples,  about 
1,200  lb  each,  were  tested  in  a  12-inch  diameter  triaxial  compression 
apparatus  under  consolidated  undrained  conditions  to  determine  the  shear 
strengths  of  the  foundation  materials.  During  the  tests,  the  pore 
pressures  were  monitored  in  order  to  calculate  the  consolidated  drained 
strengths  also.  For  each  of  the  two  types  of  material,  tests  were  run 
at  confining  pressures  of  1,  2,  and  4  ton/ ft2  on  minus  2-1/2-inch 
material.  The  results  are  shown  on  plate  A-52  in  the  form  of  three 
Mohr's  circles  for  each  material  type. 


Government  Canyon  Ridge 


MAPPING 

7-29  The  rock  comprising  Government  Canyon  Ridge  in  the  area  of  the 
proposed  excavation  is  composed  entirely  of  moderately  to  highly 
weathered  and  highly  fractured  gneiss  (gn).  The  rock  easily  separates 
along  most  discontinuities  and  can  be  broken  with  a  light  to  moderate 
hanmer  blow.  Mineral  foliation  trends  N80E  to  N70W  and  dips  steeply  to 
the  south.  A  5-foot  wide  quartzo-feldspathic  dike,  cutting  diagonally 
through  the  ridge  can  be  observed  along  the  south  slope  of  the  ridge. 
The  dike  is  brittle  and  appears  to  be  only  slightly  more  resistant  than 
the  gneiss.  A  vertical  fault  was  mapped  at  the  southwest  end  of  the 
proposed  excavation  within  a  large  drainage,  though  the  direction  of 
movement  could  not  be  discerned.  Colluvial  cover  appears  to  be  5  to 
10  feet  thick  on  the  lower  slope  on  the  north  side,  and  thin  everywhere 
else  in  the  vicinity. 

DRILLING  SOMfART 

7-30  Logs  of  holes  drilled  on  Government  Canyon  Ridge  are  presented  on 
plates  A-24  and  A-25.  An  overall  summary  of  drilling  on  Government 
Canyon  Ridge  is  presented  in  table  A- 18. 


Table  A-18.  Government  Canyon  Ridge,  Drilling  Summary. 


Hole 

No. 

Rocktype 

Bedrock 

Depth 

(ft) 

Recovery 

<*> 

RQD 

(*) 

Discon. 

Freq. 

(per  ft) 

Point 

Load 

(lb/in2) 

K 

(ft/ day) 

C86-09 

Gneiss 

0.0 

77 

22 

5.8 

158 

C86-11 

Gneiss 

0.0 

85 

28 

5.0 

214 

• 

C86-14 

Gneiss 

0.0 

89 

34 

6.8 

181 

2.50 

C86-27 

Gneiss 

0.0 

93 

41 

4.8 

154 

- 

Average: 

0.0 

86 

31 

5.6 

177 

- 
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GEOPHYSICAL  SDH VET  RESULTS 


7-31  The  results  of  geophysical  surveys  conducted  at  Government  Canyon 
Ridge  are  presented  in  the  following  paragraphs. 

Refractive  Seismic 

7-3 2  The  time-distance  graph  and  subsurface  interpretation  for  the 
refractive  seismic  line  conducted  on  Government  Canyon  Ridge,  86-10,  is 
presented  on  plate  A-38.  Basically,  two  separate  velocity  zones  are 
identifiable  in  the  bedrock.  Layer  1  (VI)  probably  represents  most 
highly  weathered  and  fractured  rock  while  layer  2  (V2)  is  somewhat 
better  quality  rock.  Both  velocity  zones,  however,  are  representative 
of  highly  fractured  and  weathered  gneissic  bedrock.  The  measured 
velocities  and  calculated  depth  for  the  layers  identified  are  presented 
in  table  A-19. 


Table  A-19. 

Government  Canyon  Ridge,  Results 
Refractive  Seismic  Survey. 

of 

Line  No. 

VI 

Depth 

V2 

(ft/s) 

(ft) 

(ft/s) 

86-10 

1950 

30 

4275 

Downhole  Seismic 

7-33  Downhole  geophysical  surveys  were  conducted  in  holes  C86-14  and 
C86-27.  Apparent  P-wave  velocities  measured  over  10-foot  intervals 
ranged  from  3,077  to  10,000  ft/s  with  the  overall  average  velocity  for 
the  holes  approximately  5,000  ft/s.  Although  apparent  interval 
velocities  varied  greatly,  it  was  possible,  as  shown  on  plate  A-40,  to 
distinguish  general  velocity  differences  with  depth  as  measured  in  each 
hole.  The  results  are  presented  in  table  A-20. 


Table  A-20.  Government  Canyon  Ridge,  Results  of 
Downhole  Geophysical  Surveys. 


Hole  No. 

Depth  Interval 
(ft) 

Average  Velocity 
(ft/s) 

C86-14 

0-50 

3,410 

C86-14 

50-180 

7,165 

C86-27 

0-20 

2,000 

C86-27 

20-60 

5,000 

C86-27 

60-120 

8,000 
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LABORATORY  TEST  RESULTS 

7-34  The  results  of  laboratory  tests  conducted  on  samples  from 
Government  Canyon  Ridge  are  presented  in  the  following  paragraphs. 

Unoonfined  Compressive  Strength 

7-35  Unconfined  compression  tests  were  conducted  on  2  samples  from 
holes  on  Government  Canyon  Ridge.  The  results  of  those  tests  are 
presented  below. 


Table  A-21.  Government  Canyon  Ridge,  Results  of 
Compressive  Strength  Tests. 


Hole  No.  Rocktype  Depth 

(ft) 


Unconfined 

Compressive 

Strength 

(lb/in2) 


C86-09  Gneiss  121.2  2,220 

C86-11  Gneiss  184.3  5,337 


Rock  Quality 

7-36  Five  boxes  of  HQ-size  core  were  tested  for  the  rock  quality 
parameters  previously  described  in  Section  VI,  Laboratory  Testing 
Procedure  -  Rock  Quality.  The  results  of  those  tests  are  presented  in 
table  A-22  along  with  the  average  of  all  point  load  strengths  measured 
for  core  in  the  interval  tested. 


Table  A-22.  Government  Canyon  Ridge,  Results  of 
Rock  Quality  Tests. 


Hole 

No. 

Test 

Interval 

(ft) 

Point 
Load 
(lb/ in2) 

LA 

Loss 

(*) 

Bulk 

SSD 

Absorption 

(*) 

Wet/Dry 

C86-09 

73.3-85.5 

114 

84.3 

2.60 

2.73 

passed 

C86-11 

50.8-59.5 

134 

85.2 

2.59 

2.83 

passed 

C86-11 

179.0-188.0 

164 

75.9 

2.77 

1.39 

passed 

C86-14 

170.3-180.8 

130 

78.1 

2.67 

1.64 

passed 

C86-27 

99.0-111.0 

133 

82.1 

2.50 

2.84 

failed 

Average: 


135 


81.1 


2.63 


2.29 


Petrographic  Analysis 

7-37  Although  the  rockaass  in  Government  Canyon  Ridge  is  mapped  as 
gneiss  because  of  its  banded  and  heterogeneous  appearance,  the 
petrographic  analyses  of  the  samples  tested  indicated  the  rocks  are  more 
appropriately  classified  as  igneous,  not  metamorphic.  Principal  mineral 
constituents  include  plagioolase  feldspar,  quartz,  orthoclase  feldspar, 
biotite  and  hornblende.  Major  accessory  minerals  are  magnetite,  sphene 
and  zircon.  Samples  were  classified  as  slightly  to  moderately 
weathered,  closely  fractured  with  minor  to  intense  evidence  of 
compressional  stress.  Based  upon  the  Colorado  School  of  Mines 
Classification  of  Igneous  Rock,  all  samples  classified  as  either 
monzonite  or  quartz  monzonite.  (This  petrographic  rock  classification 
name  is  not  to  be  confused  with  the  quartz  monzonite  rock  terrane  (qm) 
upstream  from  the  North  Branch  fault  zone).  The  sample  from  hole  C86-09 
showed  a  trace  of  montmorillonite.  The  low  concentration  of  clay 
minerals  in  most  samples  made  them  difficult  to  detect  by  x-ray 
diffraction  in  whole  rock  analysis.  A  summary  of  rock  classification 
data  including  the  ratio  of  plagioolase  to  orthoclase  feldspar,  and 
percentage  of  total  quartz  and  mafic  minerals  is  presented  in 
table  A-23. 


Table  A-23.  Government  Canyon  Ridge,  Results  of 
Petrographic  Analyses. 


Hole 

No. 

Depth 

(ft) 

Plagioolase/ 

Orthoclase 

Quartz 

( t ) 

Mafics 

(*> 

Rock  Name 

C86-09 

73 

37/63 

9 

10 

monzonite 

C86-11 

55 

65/35 

9 

10 

monzonite 

C86-11 

184 

63/37 

15 

20 

qtz.  monzonite 

C86-14 

174 

53/47 

20 

15 

qtz.  monzonite 

C86-27 

111 

44/56 

20 

10 

qtz.  monzonite 

Average : 

52/48 

15 

12 

qtz.  monzonite 

Spillway 


MAPPING 

7-38  The  topographic  relief  in  the  spillway  area  is  rugged  with  3V  on 
4H  slopes  on  the  ijorth  side  of  the  saddle  and  steeper  3V  on  4H  to  5V  on 
4H  slopes  on  the  south  side.  Thin  colluvial  cover,  up  to  three  feet 
thick,  and  heavy  vegetation  effectively  conceal  the  upstream  side  of  the 
spillway  saddle.  There  is  very  little  colluvial  cover  on  the  downstream 
side.  Most  of  the  spillway  excavation  will  be  in  gneiss.  Towards  the 
extreme  north  end  of  the  spillway  site,  and  trending  semi-perpendicular 
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to  the  proposed  centerline,  fault  "A"  (see  discussion  in  faulting) 
juxtaposes  gneissic  (gn)  rock  to  the  south  with  diorite  (qd)  to  the 
north.  At  the  surface  the  gneiss  is  highly  to  completely  weathered  and 
highly  fractured.  Mineral  foliation  trends  approximately  N65E  and  dips 
steeply  to  the  southwest.  The  gneiss  can  be  easily  separated  along 
discontinuities  and  many  samples  can  be  broken  by  hand.  Mafic-rich 
inclusions  in  gneiss  were  observed  throughout  the  damsite,  but  one  large 
band  was  mapped  in  the  spillway  because  of  its  size  (100  feet  wide)  and 
continuity.  It  is  seen  to  the  east  within  the  spillway  site  and  is 
traceable  to  the  west  1,000  feet  from  the  spillway  centerline  before  it 
is  covered  by  colluvium.  Farther  west,  scattered  exposures  suggest  that 
this  dark-colored  zone  continues  into  Santa  Ana  River  canyon.  The  rock 
in  this  zone  is  softer  than  the  rest  of  the  gneiss  because  of  the  higher 
concentration  of  biotite.  As  shown  on  plate  A-6,  three  notable  faults 
have  been  mapped  in  the  spillway  site,  fault  "A",  as  previously 
discussed,  and  two  steeply  dipping  faults  observed  on  the  south  side  of 
the  spillway  saddle.  These  faults  trend  nearly  parallel  to  the  proposed 
conterline  and  appear  to  offset  the  mafic-rich  zone  by  up  to  B00  feet. 

DRILLING  SOtfART 

7-39  Logs  of  holes  drilled  in  the  spillway  are  presented  on  plates  A-26 
through  A-29.  A  summary  of  drilling  conducted  in  the  spillway  is 
presented  in  table  A-24.  Also  shown  in  table  A-24  are  the  average 
values  for:  (1)  all  holes  drilled  in  the  spillway,  (2)  all  spillway 
holes  drilled  in  gneiss,  and  (3)  all  holes  exclusive  of  C86-15,  C86-17 
and  C86-22  which  contained  markedly  inferior  quality  rock  which  is 
judged  to  be  not  representative  of  the  spillway  rockmass  as  a  whole. 


Table  A-24.  Spillway  Drilling  Summary. 


Hole 

No. 

Rocktype 

Bedrock 

Depth 

(ft) 

Recovery 

(*) 

ROD 

(*) 

Discon. 
Freq. 
(per  ft) 

Point 

Load 

(lb/in2) 

K 

(ft/ day) 

C86-15 

Gneiss 

0.0 

37 

4 

6.7 

. 

C86-16 

Gneiss 

0.0 

97 

49 

6.3 

222 

- 

C86-17 

Gneiss 

0.0 

69 

9 

4.8 

43 

- 

C86-18 

Gneiss 

0.0 

93 

40 

6.2 

147 

- 

C86-19 

Gneiss 

0.0 

75 

24 

5.9 

146 

- 

C86-20 

Gneiss 

0.0 

95 

40 

7.1 

127 

- 

C86-21 

Gneiss 

0.0 

96 

40 

5.8 

169 

- 

C86-22 

Diorite 

5.0 

84 

27 

5.3 

76 

- 

Average , 

all  holes: 

81 

29 

6.0 

133 

_ 

Average,  gneiss: 

Average  exclusive  of 

C86-15,  17  and  22: 

80 

91 

29 

39 

6.1 

6.3 

142 

162 

91 


39 


6.3 


162 


GEOPHYSICAL  SURVEY  RESULTS 


7-40  The  results  of  geophysical  surveys  conducted  at  the  spillway  are 
presented  in  the  following  paragraphs. 

Refractive  Seismic 

7-41  The  time-distance  graphs  and  subsurface  interpretations  for  the 
refractive  seismic  lines  conducted  in  the  spillway  are  presented  on 
plates  A-38  and  A-39.  Although  as  many  as  four  separate  velocity  zones 
are  identifiable,  they  all  represent  variability  within  the  gneissic 
rockmass,  both  vertically  and  laterally.  The  measured  velocities  (V) 
and  approximate  interface  depths  (D)  are  presented  in  table  A-25. 


Table  A-25.  Spillway,  Results  of  Refractive  Seismic  Surveys. 


Line  No. 

VI 

D1 

V2 

D2 

V3 

D3 

V4 

(ft/s) 

(ft) 

(ft/s) 

(ft) 

(ft/s) 

(ft) 

(ft/s) 

86-11 

1,450 

5 

2,550 

25 

4,200 

50? 

11,000 

87-01 

1,400 

10 

4,600 

30 

6,500 

Downhole  Seismic 

7-42  Downhole  geophysical  surveys  were  conducted  in  holes  C86-19, 

C86-20  and  C86-22.  Apparent  P-wave  velocities  over  10-foot  intervals 
ranged  from  1,429  to  15,385  ft/s  with  the  average  velocity  for  the  all 
the  holes  approximately  3,500  ft/s.  Although  apparent  interval 
velocities  varied  greatly,  it  was  possible  to  distinguish  general 
velocity  differences  with  depth  as  measured  in  each  hole.  Time-distance 
graphs  are  presented  on  plate  A-40  and  the  averaged  results  are 
presented  in  table  A-26. 


Table  A-26.  Spillway,  Results  of  Downhole  Geophysical  Surveys. 


Hole  No. 

Depth  Interval 
(ft) 

Average  Velocity 
(ft/s) 

C86-19 

0-20 

1,800 

C86-19 

20-40 

2,500 

C86-19 

40-140 

6,150 

C86-20 

0-20 

1,500 

C86-20 

20-100 

3,900 

C86-22 

0-25 

1,700 

C86-22 

25-50 

3,600 

C86-22 

50-110 

6,500 

A-VII-16 


LABORATORY  TEST  RESULTS 


7-43  The  results  of  laboratory  tests  conducted  on  samples  from  the 
spillway  are  presented  In  the  following  paragraphs. 

Unoonfined  Compressive  Strength 

7-44  Unconflned  compression  tests  were  conducted  on  5  core  samples  from 
the  spillway.  The  results  of  those  tests  are  presented  in  table  A-27. 

If  a  point  load  test  was  conducted  on  one  end  of  a  core  piece  sent  to 
the  laboratory,  that  value  and  the  ratio  of  compressive  strength  to 
point  load  index  strength  is  also  presented.  Compressive  strength 
values  with  an  asterisk  (*)  are  of  questionable  validity  because  of 
failure  along  veins  or  foliation. 


Table  A-27.  Spillway,  Results  of  Compressive  Strength  Tests. 


Hole  No. 

Rocktype 

Depth 

(ft) 

Unconfined 
Compressive 
Strength 
(lb/ in2) 

Point 

Load 

Index 

(lb/in2) 

Ratio 

C86-16 

Gneiss 

72.1 

3,350* 

. 

. 

C86-16 

Gneiss 

144.5 

2,300* 

205 

11.2 

C86-18 

Gneiss 

302.8 

8,206 

161 

51.0 

C86-19 

Gneiss 

179.5 

6,640* 

178 

37-3 

C86-21 

Gneiss 

81.4 

7,449 

- 

- 

Average: 

5,589* 

33.2 

Rock  Quality 

7-45  Thirteen  boxes  of  HQ-size  core  were  tested  for  the  rock  quality 
parameters  previously  described  in  Section  VI,  Laboratory  Testing 
Procedure  -  Rock  Quality.  The  results  of  those  tests  are  presented  in 
table  A-28  along  with  the  average  of  all  point  load  strengths  measured 
for  core  in  the  interval  tested. 
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Table  A-28.  Spillway,  Results  of  Rock  Quality  Tests. 


Hole 

No. 

Test 

Interval 

(ft) 

Point 

Load 

(lb/in2) 

LA 

Loss 

(*) 

Bulk 

SSD 

Absorption  Wet /Dry 
( t ) 

C86-16 

77.4-87.6 

168 

70.7 

2.57 

2.17 

passed 

C86-16 

246.6-257.1 

160 

58.5 

2.56 

1.59 

passed 

C86-17 

104.4-116.0 

27 

89.9 

2.54 

3.99 

failed 

C86-18 

103.4-114.1 

135 

80.2 

2.57 

2.25 

passed 

C86-18 

267.4-278.2 

133 

77.9 

2.57 

3.04 

passed 

C86-19 

61.8-72.7 

86 

74.3 

2.44 

2.71 

failed 

C86-19 

140.7-152.0 

116 

79.0 

2.52 

2.29 

passed 

C86-20 

41.1-52.1 

153 

75.0 

2.56 

2.52 

passed 

C86-20 

192.0-202.5 

120 

88.0 

2.54 

2.22 

failed 

C86-21 

47. 1-57.8 

120 

78.5 

2.51 

3-76 

failed 

C86-21 

120.6-128.0 

152 

68.4 

2.64 

2.49 

passed 

C86-22 

0.0-32.8 

56 

91.7 

2.48 

4.74 

failed 

C86-22 

69.2-80.2 

89 

87.9 

2.61 

2.72 

passed 

Average: 

117 

78.5 

2.55 

2.81 

Petrographic  Analysis 

7-46  Although  most  all  of  the  rockmass  in  the  spillway  is  mapped  as 
gneiss  because  of  its  banded  and  heterogeneous  appearance,  the 
petrographic  analyses  of  the  samples  tested  indicated  the  rock  is  more 
appropriately  classified  as  igneous,  not  metamorphic.  Principal  mineral 
constituents  include  plagioclase  feldspar,  quartz,  orthoclase  feldspar, 
biotite  and  hornblende.  Major  accessary  minerals  are  magnetite,  sphene 
and  zircon.  Samples  were  classified  as  slightly  to  highly  weathered  and 
closely  fractured  with  minor  to  extreme  evidence  of  compressional 
stress.  Based  upon  the  Colorado  School  of  Mines  Classification  of 
Igneous  Rock,  the  samples  varied  from  granite  to  diorite  with  13  of  the 
15  samples  tested  classifying  as  granodiorite  or  diorite.  Half  of  the 
samples  analyzed  showed  traces  of  montmorillonite  as  a  product  of 
weathering.  A  summary  of  rock  classification  data  including  the  ratio 
of  plagioclase  to  orthoclase  feldspar,  and  percentage  of  total  quartz 
and  mafic  minerals  is  presented  below. 
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Table  A-29 


Spillway,  Results  of  Petrographic  Analyses. 


Hole 

No. 

Depth 

(ft) 

Plagioelase/ 

Orthoclase 

Quartz 

(?) 

Mafics 

(?) 

Rock  Name 

C86-16 

73 

69/31 

8 

25 

diorite 

C86-16 

78 

67/33 

10 

9 

diorite 

C86-16 

249 

22/78 

22 

5 

granite 

C86-17 

107 

78/22 

20 

5 

granodiorite 

C86-18 

107 

17/83 

20 

1 

granite 

C86-18 

278 

67/33 

3 

20 

diorite 

C86-19 

67 

75/25 

25 

10 

granodiorite 

C86-19 

141 

76/24 

20 

15 

granodiorite 

C86-19 

180 

79/21 

15 

30 

granodiorite 

C86-20 

46 

73/27 

30 

10 

granodiorite 

C86-20 

197 

74/26 

15 

5 

granodiorite 

C86-21 

47 

70/30 

10 

5 

diorite 

C86-21 

126 

67/33 

15 

60 

granodiorite 

C86-22 

27 

68/32 

5 

15 

diorite 

C86-22 

111 

44/56 

15 

15 

granodiorite 

Average: 

64/36 

16 

15 

granodiorite 

Right  Abutment 

MAPPUG 

7-47  Within 

the  abutment  excavation 

area ,  the 

slopes  are 

locally 

steeper  than 

IV  on  1H 

especially  at 

the  lower 

elevations. 

The  slopes  at 

the  higher  elevations 

flatten  to  IV 

on  2H  and 

are  covered  by  colluvium. 

The  colluvium,  which  averages  an  estimated  5  feet  in  thickness,  covers 
about  half  of  the  area.  Terrace  deposits  (Qt)  are  exposed  intermittently 
near  the  2, 400- foot  elevation  contour.  The  maximum  thickness  is 
estimated  to  be  about  30  feet  with  very  limited  areal  extent.  The 
clasts  are  primarily  boulder  sized  to  as  much  as  six  feet  in  diameter  or 
more  with  the  rest  as  gravel  and  cobble-sized,  all  in  a  sand-silt 
matrix.  The  clasts  are  composed  of  granite,  diorite,  monzonite  and  some 
gneiss  and  quartzite.  This  material  is  likely  to  be  encountered,  during 
excavation  of  the  abutment,  on  the  downstream  side  of  the  centerline. 

The  bedrock  at  the  right  (west)  abutment  of  the  proposed  damsite  is 
composed  of  diorite  and  gneiss.  An  apparently  gradational  contact 
between  the  two  rockmasses  occurs  approximately  under  the  centerline  of 
the  proposed  dam  with  the  diorite  on  the  downstream  side.  The  bedrock 
is  highly  to  completely  weathered  wherever  encountered,  except  in  the 
tributary  drainage  canyon  Just  upstream  from  oenterline.  This  canyon 
has  cut  250  to  300  feet  into  the  ridge,  exposing  resistant  gneiss  that 
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forms  near  vertical  cliff  faces  in  the  drainage  bottom  and  side  walls. 
Mineral  foliation  in  the  gneiss  trends  between  H75W  and  N80E  and  dips 
steeply  to  both  the  north  and  south.  Prominent  joint  sets  in  the 
diorite  are  N5W,  85NE-SW  and  N35W,  45SW.  One  vertical  joint  set 
observed  in  the  gneiss  is  oriented  north-south. 

DRILLING  SIMUBT 

7-48  Logs  of  holes  drilled  at  the  right  abutment  are  presented  on 
plates  A- 19  and  A-20.  A  summary  of  drilling  at  the  right  abutment  is 
presented  in  table  A-30.  Holes  C86-01  and  C86-03,  although  drilled  in 
the  streambed,  are  included  with  the  right  abutment  drilling  summary 
because  their  primary  purpose  was  to  explore  the  covered  toe  of  the 
abutment  rock  slope. 


Table  A-30.  Right  Abutment,  Drilling  Sutmary. 


Hole 

No.  Rocktype 

Bedrock 

Depth 

(ft) 

Recovery 

(%) 

RQD 

(*) 

Discon. 
Preq. 
(per  ft) 

Point 
Load 
(lb/ in2) 

K 

(ft/day) 

C84-07  Gneiss 

21.0 

67 

18 

7.6 

174 

0. 10 

C84-08  Diorite 

0.0 

88 

45 

5.4 

221 

0. 10 

C86-01  Diorite 

17-5 

90 

40 

4.4 

169 

0.01 

C86-03  Diorite 

28.0 

99 

52 

3.6 

145 

0.01 

C86-23  Gneiss 

0.0 

90 

33 

3.4 

351 

0.08 

Average,  all  rock: 

87 

38 

4.9 

212 

0.05 

Average,  diorite: 

92 

46 

4.5 

178 

0.04 

Average,  gneiss: 

79 

26 

5.5 

263 

0.08 

GEOPHYSICAL  surtey  results 

7-49  Neither  refractive  nor  downhole  geophysical  surveys  were  conducted 
at  the  right  abutment. 

LABORATORY  TEST  RESULTS 

7-50  The  results  of  laboratory  tests  conducted  on  samples  from  the 
right  abutment  are  presented  in  the  following  paragraphs. 

Ooooa fined  Compressive  Strength 

7-51  Pour  unconfined  compression  tests  were  conducted  on  3  samples  from 
holes  at  the  right  abutment.  The  results  of  those  tests  are  presented 
in  table  A-31. 


A-VII-20 


Table  A— 31 .  Right  Abutment,  Results  of  Compressive 
Strength  Tests. 


Hole  No. 

Rocktype 

Depth 

(ft) 

Unconfined 

Compressive 

Strength 

(lb/in2) 

C84-08 

Diorite 

65.2 

2,540 

C84-08 

Diorite 

65.6 

1,790 

C86-01 

Diorite 

71.8 

5,290 

C86-03 

Diorite 

65.2 

10,250 

Average : 

4,968 

Rock  Quality 

7-52  Rock  quality  tests  were  not  conducted  on  core  samples  from  the 
right  abutment. 

Petrographic  Analysis 

7-53  Petrographic  analyses  were  not  conducted  on  core  samples  from  the 
right  abutment. 


Left  Abutment 


MAPPHG 

7-54  Much  of  the  abutment  site  is  mantled  with  colluvium  and 
moderately  heavy  scrub  vegetative  cover,  while  bedrock  is  exposed  along 
the  ridges  and  knobs.  Colluvial  cover  is  about  6  feet  thick  on  the  upper 
part  of  the  abutment  site  becoming  as  thick  as  116  feet,  and  perhaps 
thicker,  towards  the  bottom.  The  extensive  colluvial  cover  on  the 
abutment  accounts  for  the  more  subdued  relief  where  slopes  seldom  exceed 
IV  on  1.5H.  Ho  terrace  deposits  were  observed  within  the  vicinity  of 
the  left  abutment.  None  were  encountered  during  construction  of  the 
spillway  access  road  nor  were  they  encountered  in  core  hole,  C86-04. 
Diorite  forms  much  of  the  left  (east)  abutment  a*  the  damsite.  A  body 
of  gneiss  is  exposed  at  the  upstream  end  of  the  abutment,  where  it  is  in 
sharp  contact  with  the  diorite  to  the  south.  Scattered  exposures  of 
gneiss  were  observed  near  the  centerline  of  the  abutment,  perhaps  as 
roof  pendants,  remnants  of  country  rock  (gn)  intruded  and  surrounded  by 
the  younger  dioritic  rock.  The  diorite  is  slightly  to  highly  weathered 
and  highly  fractured  making  it  easy  to  unravel  along  discontinuities, 
but  requiring  hammer  blows  to  break.  Joints  in  the  diorite  have  a  wide 
variety  of  orientations.  The  prominent  trends  were  N50W  and  N45E  with  a 
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wide  range  of  dips  to  the  east.  One  joint  set  was  oriented  N20E,  85SE. 
The  few  joints  that  could  be  identified  in  the  gneiss  are  oriented  N30W, 
60SW  and  N-S,  25E.  A  fault  observed  in  the  road  cut,  at  the  base  of  the 
abutment  just  downstream  from  centerline,  is  a  12-foot  wide  zone  of 
highly  sheared  diorite  (qd)  that  could  only  be  traced  a  short  distance 
laterally.  There  is  no  evidence  to  suggest  that  this  fault  is  active  or 
potentially  active. 

DRILLHG  SOMHART 

7-55  At  the  left  abutment,  both  bucket  auger  and  core  drilling  were 
used  to  explore  the  subsurface.  The  results  of  both  drilling  operations 
are  presented  in  the  following  paragraphs. 

Core  Drilling 

7-56  Logs  of  the  two  core  holes  drilled  at  the  left  abutment  are 
presented  on  plate  A— 1 8 .  A  summary  of  drilling  at  the  left  abutment  is 
presented  in  table  A-32. 


Table  A-32.  Left  Abutment,  Core  Drilling  Summary. 


Hole 

No. 

Rocktype 

Bedrock 

Depth 

(ft) 

Recovery 

(*> 

RQD 

(%) 

Discon. 
Freq. 
(per  ft) 

Point 

Load 

(lb/in2) 

K 

(ft/day) 

C8M— 06 

Diorite 

31.7 

93 

34 

5.8 

320 

0.05 

C86-04 

Diorite 

116.0 

78 

18 

6.4 

148 

0.04 

Average : 

86 

26 

6.1 

234 

0.05 

Bucket  Auger  Drilling 

7-57  In  addition  to  collecting  samples  of  overburden  materials  on  the 
left  abutment  for  laboratory  testing,  information  from  bucket  auger 
drilling  was  used  to  determine  the  depth  to  bedrock  where  possible.  The 
bedrock  depths,  based  primarily  on  drilling  action,  and  the  approximate 
elevation  of  the  holes  is  presented  in  table  A-33*  Bedrock  was  not 
encountered  in  hole  LAH-4  because  a  large  rock  caved  into  the  hole  at 
the  35-foot  depth  and  the  hole  could  not  be  advanced.  The  soil  logs  of 
the  bucket  auger  holes  are  presented  on  plate  A-53. 
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Table  A-33.  Left  Abutment,  Bucket  Auger  Drilling  Sunoary 


Hole  No. 

Surface 

Elevation 

(ft) 

Bedrock 

Depth 

(ft) 

LAH-1 

2215 

90 

LAH-2 

2280 

47 

LAH-3 

2265 

44 

LAH-4 

2215 

35+ 

GEOPHYSICAL  SURVEY  RESULTS 

7-58  The  results  of  geophysical  surveys  conducted  at  the  left  abutment 
are  presented  in  the  following  paragraphs. 

Refractive  Seismic 

7-59  The  time-distance  graphs  and  subsurface  interpretations  for  the  two 
refractive  seismic  lines  conducted  at  the  left  abutment  are  presented  on 
plates  A-37  and  A-38.  Line  85-4,  at  the  toe  of  the  abutment  at 
centerline,  was  conducted  to  estimate  the  depth  of  overburden  and  line 
86-09  was  conducted  on  the  abutment  slope  downstream  from  the  centerline 
to  estimate  the  amount  of  colluvial  cover  which  will  require  excavation. 
The  measured  velocities  (V)  and  generalized  depths  (D)  are  presented  in 
table  A-34.  An  analysis  of  the  results  is  presented  in  Section  VIII  - 
Analysis  of  Data. 


Table  A-34.  Left  Abutment,  Results  of  Refractive  Seismic  Surveys. 


Line  No. 

VI 

D1 

V2 

D2 

V3 

(ft/s) 

(ft) 

(ft/s) 

(ft) 

(ft/s) 

85-4 

1,800 

5 

6,000-7,000 

35 

12,000 

86-09 

1,950 

30 

4,950 

Downhole  Seismic 

7-60  Downhole  geophysical  surveys  were  not  conducted  in  either  of  the 
core  holes  at  the  left  abutment. 


LABORATORY  BOCK  TEST  RESULTS 


7-61  The  results  of  laboratory  tests  conducted  on  rock  samples  from  the 
left  abutment  are  presented  in  the  following  paragraphs. 

Unconfined  Compressive  Strength 

7-62  The  results  of  unconfined  compressive  strength  tests  conducted  on 
4  core  samples  from  the  left  abutment  are  presented  in  table  A-35.  If  a 
point  load  test  was  conducted  on  one  end  of  a  core  piece  sent  to  the 
laboratory,  that  value  and  the  ratio  of  compressive  strength  to  point 
load  index  strength  is  also  presented. 


Table  A-35.  Left  Abutment,  Results  of  Compressive  Strength  Tests. 


Hole  No. 

Rocktype 

Depth 

(ft) 

Uncon fined 
Compressive 
Strength 
(lb/in2) 

Point 

Load 

Index 

(lb/in2) 

Ratio 

C84-06 

Diorite 

133.0 

13,180 

C86-04 

Diorite 

131.5 

2,460 

- 

- 

C86-04 

Diorite 

275.8 

3,817 

227 

16.8 

C86-04 

Diorite 

367.5 

5,106 

- 

- 

Average: 

6,141 

Rock  Quality 

7-63  Rock  quality  tests  were  not  conducted  on  core  from  the  left 
abutment. 

Petrographic  Analysis 

7-64  A  sample  from  hole  C86-04  was  sent  to  the  South  Pacific  Division 
laboratory  for  petrographic  analysis.  The  sample  classified  as  diorite 
with  the  principal  constituents  being  plagioclase  feldspar,  quartz, 
orthoclase  feldspar,  biotite  and  hornblende.  The  sample  was  moderately 
to  hi#ily  weathered  and  intensely  fractured  as  the  result  of  severe 
compressional  stress.  A  summary  of  rock  classification  data  including 
the  ratio  of  plagioclase  to  orthoclase  feldspar,  and  percentage  of  total 
quartz  and  mafic  minerals  is  presented  in  table  A- 36. 
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Table  A-36.  Left  Abutment,  Results  of  Petrographic  Analyses 


Hole 

No. 

Depth 

(ft) 

Plagioclase/ 

Orthoclase 

Quartz 

(*) 

Mafics 

(*) 

Rock  Name 

C86-04 

132 

74/26 

10 

10 

diorite 

LABORATORY  SOIL  TESTS  AMD  RESULTS 
Soil  Classifioation  Tests 

7-65  Mechanical  analysis  and  Atterberg  limits  tests  were  conducted  on 
all  soil  samples  collected  from  the  bucket  auger  test  holes  in  the  left 
abutment.  The  results  of  these  tests  were  used  to  classify  the 
materials  in  accordance  with  ASTM  test  method  D  2*187  *  and  are  shown  on 
the  soil  logs  on  plate  A-53.  These  tests  indicate  that  the  colluvial 
soils  are  predominantly  unconsolidated  noncohesive  silty  gravelly  sands 
with  weathered,  angular  rock  fragments  up  to  12  inches  in  diameter. 

Moisture-Density  Relationships 

7-66  Five-point  compaction  tests  were  conducted  on  selected  large 
samples  in  accordance  with  ASTM  C  698  test  methods  to  determine  the 
moisture-density  relationships  of  the  left  abutment  overburden  soils. 
The  results,  shown  on  plate  A-54,  indicate  that  the  maximum  density 
ranges  from  126  to  132  lb/ft’,  and  that  the  optimum  moisture  content  is 
between  7  and  11  percent.  Maximum  densities  determined  in  a  vibrated 
11 -inch  mold  with  a  surcharge  weight  (ASTM  D  4253)  varied  from  119  to 
132  lb/ft^.  Results  of  laboratory  tests  on  materials  from  the  left 
abutment  are  shown  graphically  on  plate  A-54. 


Outlet  Works 


MAPPING 

7-67  The  outlet  works  will  probably  be  tunneled  exclusively  through 
diorite.  An  inspection  of  the  Edison  tunnel,  located  within  the  same 
hill  as  the  proposed  tunnel,  see  plate  A-9,  allowed  mapping  of  what 
should  be  similar  geological  conditions.  This  water  conveyance  tunnel 
is  approximately  7  feet  in  diameter  and  concrete  lined  on  the  bottom  and 
sides  with  a  free-standing  rock  crown  for  approximately  900  feet  of  its 
I* 350  foot  total  length.  The  Edison  tunnel  is  1,000  feet  to  the 
southwest  of  the  proposed  tunnel,  250  feet  higher  in  elevation  and 
similarly  aligned.  Most  of  the  Edison  tunnel  is  in  diorite.  However, 
because  the  outlet  portal  is  slightly  south  of  the  end  of  the  proposed 
outlet  works  tunnel,  the  Edison  tunnel  does  intersect  fault  "A"  and  a 
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portion  of  the  gneissic  rockmass.  Fault  "A"  (H85W,75SW)  was  observed  as 
a  six-inch  wide,  healed  and  competent  gouge  zone.  There  is  no  sign  of 
caving  and  no  tunnel  support  where  the  fault  crosses  the  tunnel 
alignment.  The  inspection  of  the  remainder  of  the  tunnel  revealed  a 
hard,  slightly  to  moderately  weathered,  and  complexly  jointed  and 
faulted  diorite.  The  spacing  and  the  variable  orientation  of  the  joint 
seta  results  in  a  blocky  rockmass.  The  joints  were  generally  dry;  a  few 
had  minor  seepage,  particularly  behind  a  180-foot  long  section  of  full 
concrete  lining  400  feet  from  the  southwest  end.  Minor  shears  and  gouge 
were  observed  along  the  length  of  the  tunnel.  The  nature  of  the 
rockmass  where  the  crown  is  concrete  lined  is  unknown.  The  support  may 
be  necessary  because  of  significant  shear  zones  or  particularly  adverse 
joint  orientations  that  affect  rockmass  stability. 

7-68  The  outlet  portal  area  of  the  proposed  outlet  works  tunnel  is 
completely  covered  by  colluvium  and  was  therefore  not  mapped.  The  steep 
rockface  above  the  inlet  portal,  on  the  other  hand,  is  fully  exposed. 

The  diorite  rockmass  at  this  location  is  relatively  fresh  in  appearance 
and  blocky.  The  primary  joint  set  is  oriented  N40W,  dipping  70-90NE 
with  secondary  jointing  ranging  from  N05E,  dipping  75SE  to  N60E,  dipping 
75SE. 

DRILLHG  SUMMIT 

7-69  Exploratory  rotary  and  core  drilling  was  conducted  at  the  inlet 
portal,  outlet  portal  and  energy  dissipator  sites.  One  bucket  auger 
hole  was  also  drilled  in  the  area  of  the  outlet  portal.  No  drilling  was 
performed  along  the  tunnel  alignment. 

Core  and  Botary-Vash  Drilling 

7-70  Logs  of  holes  drilled  at  the  inlet  portal,  outlet  portal,  and 
energy  dissipator  sites  are  presented  on  plates  A-21  to  A-23 
respectively.  A  summary  of  the  rotary  and  core  drilling  conducted  at 
these  three  areas  is  presented  in  tables  A-37,  38  and  39. 


Table  A-37.  Inlet  Portal,  Drilling  Summary. 


Hole 

No. 

Rocktype 

Bedrock 

Depth 

(ft) 

Recovery 

(t) 

RQD 

(*> 

Discon. 

Freq. 
(per  ft) 

Point 

Load 

(lb/in2) 

K 

(ft/day ) 

R86-06 

Diorite? 

70.0 

. 

. 

C86-07 

Diorite 

36.5 

97 

38 

3.1 

339 

- 

C86-30 

Diorite 

74.5 

98 

46 

5.4 

176 

0.03 

R86-31 

Diorite? 

87.5 

- 

- 

- 

- 

- 

Average : 

98 

42 

4.3 

258 

0.03 
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Table  A-38.  Outlet  Portal,  Drilling  Sumnary. 


Hole 

No. 

Rocktype 

Bedrock 

Depth 

(ft) 

Recovery 

(*) 

RQD 

(*> 

Discon. 
Freq. 
(per  ft) 

Point 

Load 

(lb/in2) 

K 

(ft/day ) 

C86-12 

Diorite 

67.5 

88 

28 

3.9 

265 

C86-13 

Diorite 

60.6 

97 

38 

3-3 

60 

- 

C86-24* 

Diorite 

33.5 

98 

36 

5.1 

300 

0.01 

C86-25 

Diorite 

41.6 

100 

32 

4.4 

266 

- 

*  inclined  hole. 
Average : 

56.6 

96 

34 

4.2 

223 

0.01 

Table 

A-39*  Energy  Dissipator, 

Drilling  Summary. 

Hole 

Bedrock 

Discon.  Point 

No. 

Rocktype 

Depth 

Recovery 

RQD 

Freq.  Load  K 

(ft) 

(*) 

(*) 

(per  ft)  (lb/in2)  (ft/day) 

R86-08 

68.5+ 

(bedrock  not  encountered) 

C86-10 

Gneiss? 

121.5? 

16 

0 

10.0 

Backet  Auger  Drillir* 

7-71  One  bucket  auger  hole,  LAH-5,  was  drilled  near  the  rotary  and  core 
holes  at  the  outlet  portal.  The  hole  was  not  advanced  beyond  a  depth  of 
19  feet  because  of  severe  caving  in  the  dry  colluvium;  bedrock  was  not 
encountered.  The  soils  log  for  this  hole  is  shown  on  plate  A-53  with 
the  logs  for  bucket  auger  holes  on  the  left  abutment. 

GEOPHYSICAL  SOB YET  RESULTS 

7-72  The  results  of  geophysical  surveys  conducted  at  three  areas 
associated  with  the  outlet  works  are  presented  below;  no  surveys  were 
conducted  for  the  tunnel  alignment. 

Refractive  Seismic 

7-73  Refractive  seismic  surveys  were  conducted  at  the  inlet  portal, 
outlet  portal, and  energy  dissipator  sites,  see  plate  A-10.  The 
time-distance  graphs  and  subsurface  interpretations  are  presented  on 
plates  A-36  through  A-39. 
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Inlet  Portal. 


At  least  four  velocity  zones  were  identified  at  the  inlet  portal  area. 
The  velocity  range  for  layer  1  (VI)  represents  dry,  unconsolidated 
alluvium,  layer  2  (V2)  may  represent  more  dense,  unsaturated  alluvium, 
layer  3  (V3)  probably  represents  saturated  alluvium  and  layer  4  (V4) 
represents  bedrock.  Correlation  of  refractive  seismic  data  and  drilling 
data  from  hole  C86-30  is  not  good  and  the  subsurface  velocity  model  may 
be  more  complex.  The  measured  velocities  (V)  and  the  approximate  depths 
(D)  are  presented  in  table  A-40. 


Table  A-40.  Outlet  Works  -  Inlet  Portal,  Results  of 
Refractive  Seismic  Surveys. 


Line  No. 

VI 

D1 

V2 

D2 

V3 

D3 

V4 

(ft/s) 

(ft) 

(ft/s) 

(ft) 

(ft/s) 

(ft) 

(ft/s) 

87-03 

500-1,800 

10 

4,000 

40 

6,650 

75 

12,000 

87-05 

650-1,800 

15 

4,400 

35 

7,650 

“ 

Outlet  Portal. 

Both  refractive  seismic  lines  at  the  outlet  portal  were  conducted  on  the 
colluvium  in  order  to  roughly  determine  the  overburden  thickness.  The 
velocity  distinction  between  the  unsaturated  colluvium  (VI)  and  the 
bedrock  (V2)  is  quite  distinct  and  the  depth  to  bedrock  (D1)  correlates 
well  with  drill  hole  data.  The  measured  velocities  (V)  and  the  depth  to 
bedrock  (D1)  are  presented  in  table  A-41. 


Table  A-41.  Outlet  Works  -  Outlet  Portal,  Results 
of  Refractive  Seismic  Surveys. 


Line  No. 

VI 

D1 

V2 

(ft/s) 

(ft) 

(ft/s) 

86-03 

675-2,000 

65 

12,000 

86-08 

700-2, 100 

55 

9,500 

Energy  Dissipator. 

The  refractive  seismic  line  conducted  in  the  energy  dissipator  area  yielded 
a  velocity  profile  very  similar  to  other  lines  conducted  in  the  streambed. 
Three  separate  velocity  zones  corresponding  to  unsaturated  alluvium  (VI), 
saturated  alluvium  (V2),  and  bedrock  (V3)  are  identifiable.  The  measured 
velocities  and  approximate  interface  depths  are  presented  in  table  A-42. 
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Table 

A-42.  Outlet  Works  - 
of  Refractive 

-  Energy  Dissipator, 
Seismic  Survey. 

Results 

Line  No. 

VI 

(ft/s) 

D1 

(ft) 

V2 

(ft/s) 

D2 

(ft) 

V3 

(ft/s) 

CM 

\ 

1 

ST 

CO 

2,000-3,000 

20 

8,000 

100 

12,000 

Downhole  Seisaic 

7-74  Downhole  seismic  surveys  were  not  conducted  in  holes  associated 
with  the  outlet  works. 

LABORATORY  TEST  RESULTS 

7-75  The  results  of  laboratory  tests  conducted  on  core  samples  from  the 
outlet  works  holes  are  presented  in  the  following  paragraphs. 

Unconfined  C oppressive  Strength 

7-76  Unconfined  compression  tests  were  conducted  on  2  core  samples  from 
the  inlet  portal  area.  The  results  of  those  tests  are  presented  in 
table  A-43. 


Table  A-43.  Outlet  Works  -  Inlet  Portal,  Results 
of  Compressive  Strength  Tests. 


Unconfined 

Compressive 

Point 

Load 

Hole  No. 

Rocktype 

Depth 

(ft) 

Strength 

(lb/in2) 

Index 
(lb/ in2) 

Ratio 

C86-07 

Diorite 

84.9 

7,884 

C86-30 

Diorite 

115.2 

9,889 

315 

31.4 

Rook  Quality 

7-77  The  sample  from  hole  C86-07  was  also  tested  for  specific  gravity 
and  absorption  with  the  results  shown  in  table  A-44. 
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Table  A-44.  Outlet  Works  -  Inlet  Portal,  Results 
of  Rock  Quality  Tests. 


Hole  No. 

Rocktype 

Depth 

Spec.  Grav. 

Absorption 

(ft) 

(bulk  SSD) 

(*) 

C86-07 

Diorite 

84.9-85.3 

2.73 

0.87 

Petrographic  Analysis 

7-78  Petrographic  analyses  were  not  conducted  on  any  samples  from  the 
outlet  works. 


Reservoir  Area 


HAPPING 

7-79  Three  distinct  rock  terranes  are  found  in  the  reservoir.  Upstream 
from  the  North  Branch  of  the  San  Andreas  fault  zone,  the  reservoir  rock 
is  predominantly  quartz  monzonite  (qm).  The  quartz  monzonite  is 
slightly  to  moderately  weathered,  forming  steep  to  vertical  faces  above 
the  streambed.  The  rock  has  pervasive  quartzo-feldspathic  dike 
intrusions  with  many  along  the  two  prominent  joint  sets  of  N40W,  60SW 
and  N50-60E,  50SE.  Along  the  North  Branch  fault  zone,  a  sliver  of  the 
sedimentary  Mill  Creek  formation  (Tmc)  is  encountered  in  Warm  Springs 
Canyon  and  on  Government  Canyon  Ridge.  South  of  the  fault  zone,  the 
reservoir  rock  is  the  same  gneiss  and  diorite  found  at  the  damsite.  In 
addition  to  the  major  rock  types  mentioned,  landslide  debris,  primarily 
rockfalls  and  relatively  minor  debris  slides,  is  present  on  some  of  the 
lower  slopes.  An  extensive  area  of  stream  terrace  deposits  mantled  with 
colluvium  on  Government  Canyon  Ridge  also  would  be  inundated  by  the 
Seven  Oaks  Dam  reservoir. 


Downstream  Pervious  Borrow  Area 
FIELD  TESTS  AND  RESULTS 

7-80  Field  tests  for  determining  the  characteristics  of  the  downstream 
pervious  borrow  area  were  developed  specifically  to  cope  with  the  large 
size  and  percentage  of  rocks  present  in  the  borrow  area.  These  tests 
are  described  in  the  following  paragraphs. 

Hass  Gradation 

7-81  In  order  to  accurately  estimate  the  amount  of  oversize  materials 
in  the  Santa  Ana  River  Wash,  large  samples  ranging  from  approximately 
24,000  to  58,000  lb  were  taken  from  each  test  pit  and  a  gradation  on  the 
entire  sample  was  determined.  A  series  of  hand  held,  single  opening 
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screens  was  used  to  sort  the  3-inch  and  larger  stones,  which  were 
weighed  in  the  field  to  determine  the  total  weight  of  material  passing 
each  screen  size.  Stones  too  heavy  to  handle  by  hand  were  hoisted  onto 
scales  with  a  chain  attached  to  a  backhoe  bucket.  Boulders  larger  than 
the  capacity  of  the  scales,  over  1,000  lb  approximately,  were  measured 
in  three  directions  and  weights  estimated  by  correlating  with  dimension- 
weight  relations  developed  for  smaller  boulders  that  could  be  weighed. 

7-82  The  results  of  the  field  testing  are  shown  on  plate  A-57  as 
gradation  curves  for  each  test  pit.  They  show  that  the  amount  of  the 
materials  larger  than  3  inches  ranged  from  49  to  59  percent  of  the  total 
sample.  The  maximum  size  of  the  rock  in  the  samples  ranged  from  20  to 
36  inches  in  diameter,  however,  rocks  up  to  60  inches  in  diameter  were 
excavated  from  the  test  pits  and  rocks  up  to  at  least  72  inches  in 
diameter  are  visible  within  the  proposed  borrow  area.  In  order  to 
complete  the  mass  gradation,  five  or  six  600  lb  samples  of  minus  3-inch 
material  from  each  pit  were  taken  for  laboratory  gradation  testing. 

Ovwrsise  Relations 

7-83  Correlations  between  dimensions  and  weight  were  developed  for 
boulders  which  are  too  heavy  to  be  weighed  under  normal  field  inspection 
operations.  By  lifting  with  a  chain  sling  and  a  backhoe,  boulders  up  to 
1,000  lb  were  weighed  in  the  field.  These  weights  were  plotted  versus 
the  average  of  three  girths  that  were  measured  in  the  field.  The 
correlation  between  the  weight  and  the  average  of  the  maximum  and 
minimum  girths,  indicate  that  only  the  largest  and  smallest  girths  need 
to  be  measured  in  order  to  accurately  estimate  the  weight  of  large 
stones  from  this  borrow  area.  An  alternate  method  of  estimating  the 
weight  of  large  stones  was  to  compute  the  weights  based  on  a  calculated 
volume  and  an  assumed  specific  gravity.  The  volume  of  a  sphere  with  a 
circumference  equal  to  the  average  of  the  three  girths  measured  in  the 
field  was  used  since  the  boulders  tend  to  be  subrounded  in  shape. 

LABORATORY  TESTS  AID  RESULTS 

7-84  Approximately  35,000  lb  of  minus  3-inch  material  from  TP86-3  were 
delivered  to  the  South  Pacific  Division  Soils  Laboratory  in  Sausalito 
for  detailed  laboratory  tests.  The  remaining  materials  were  retained  at 
the  Los  Angeles  District  project  laboratory  for  gradation  and  maximum 
density  testing. 

Mechanical  Analysis 

7-85  Mechanical  analysis  tests  were  conducted  on  all  of  the  minus 
3-inch  materials  taken  from  the  test  pits.  A  mass  gradation  curve  for 
each  test  pit,  combining  the  plus  3-inch  gradations  determined  in  the 
field  and  the  minus  3-inch  gradations  determined  in  the  laboratory,  is 
shown  on  plate  A-57.  Also  shown  on  plate  A-57  are  the  gradation  curves 
for  materials  that  would  be  produced  if  plus  12-inch  and  plus  3-inch 
rock  were  removed  to  provide  upstream  pervious  shell  and  filter 
materials,  respectively,  for  embankment  fill. 
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Specific  Gravity 

7-86  Specific  gravity  tests  were  conducted  on  plus  Ho.  4  and  minus 
No.  4  size  materials  from  TP86-3.  Results,  indicate  a  specific  gravity 
of  2.66  for  the  plus  No.  4  particles  and  a  range  of  2.59  to  2.64  for  the 
minus  No.  4  fraction. 

Maximum  Density 

7-87  The  maximum  densities  of  the  minus  6-inch  and  minus  3-inch 
portions  of  the  samples  were  determined  using  vibratory  compaction 
methods  generally  as  described  for  the  foundation  alluvium.  To  insure 
that  a  true  maximum  density  was  achieved,  the  tests  were  run  with 
increasing  amounts  of  water  until  excess  moisture  bled  out  of  the  mold 
and  no  higher  density  was  obtained.  Extended  periods  of  vibration  were 
utilized  on  some  tests  to  check  whether  complete  settlement  had  occured 
during  the  standard  test  period.  Minus  6-inch  materials  were  tested  in 
the  27-inch  diameter  mold  and  minus  3-inch  materials  were  tested  in  the 
27-inch  and  11-inch  diameter  molds.  All  tests  in  the  27-inch  mold  were 
conducted  with  water  added.  Tests  in  the  11 -inch  mold  were  run  both  wet 
and  dry,  with  the  dry  method  generally  producing  a  higher  maximum 
density. 

7-88  The  results  of  these  tests  are  shown  graphically  on  plate  A-58. 
They  indicate  that  the  maximum  laboratory  densities  achieved  in  the 
27-inch  mold  ranged  from  137  to  146  lb/ft3  for  the  minus  6-inch  portions 

of  the  samples,  and  from  134  to  141  lb/ft3  for  the  minus  3-inch 

portions.  When  using  the  11-inch  mold  on  the  same  minus  3-iqch  samples, 

the  indicated  maximum  densities  ranged  from  126  to  135  lb/ft3.  In  order 

to  correlate  the  tests  on  different  particle  size  ranges,  a  rock 
correction  formula  was  applied  to  the  minus  3-inch  samples  and  the 
maximum  densities  adjusted  to  equivalent  minus  6-inch  material.  The 
resulting  maximum  densities  are  shown  in  tabular  form  in  table  A-45. 


Table  A-45.  Laboratory  Maximum  Densities  of  Downstream 
Pervious  Borrow  Area  Materials. 


Sample 

Maximum 

Particle 

Size 

(inches) 

Mold 

Size 

(inches) 

Percent 

Oversize 

(lb/ft3) 

Lab 

Maximum 
Density 
(lb/ ft3) 

Adjusted 
Maximum 
Density 
(lb/ ft3) 

TP 86-1 

6 

27 

0 

137.2 

137.2 

3 

27 

30.4 

129.3 

136.1 

3 

11 

30.4 

131.1 

140.0 

TP 86- 2 

6 

27 

0 

138.4 

138.4 

3 

27 

34.3 

132.8 

139.7 

3 

11 

34.3 

130.8 

141.1 
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Table  A-45.  (Continued) 


Sample 

Maximum 

Particle 

Size 

(inches) 

Mold 

Size 

(inches) 

Percent 
Oversize 
(lb/ ft3) 

Lab 

Maximum 

Density 

(lb/ft3) 

Adjusted 
Maximum 
Density 
(lb/ ft3) 

TP 86-3 

6 

27 

0 

138.8 

138.8 

3 

27 

25.0 

132.3 

137.7 

3 

11 

25.0 

128.7 

136.4 

TP 86-4 

6 

27 

0 

146.3 

146.3 

3 

27 

34.4 

134.7 

141.3 

3 

11 

34.4 

135.1 

144.3 

TP 86-5 

6 

27 

0 

134.6 

134.6 

3 

27 

27.9 

126.9 

133.6 

3 

11 

27.9 

126.2 

135.2 

Tri axial  Compression 

7-89  Consolidated  drained  and  consolidated  undrained  triaxial 
compression  tests  were  conducted  on  12-inch  diameter  samples  from  TP86-3 
compacted  to  95  percent  of  maximum  density  at  3  percent  over  optimum 
moisture  content.  The  tests  were  run  at  confining  pressures  of  1,  2.5, 

5  and  10  ton/ ft2,  and  the  pore  pressures  were  monitored  during  the 
consolidated  undrained  tests.  The  maximum  size  particle  in  these  tests 
was  2  inches.  The  results  are  shown  on  plate  A-59  in  the  form  of  p'-q' 
diagrams. 

Permeability 

7-90  Permeability  tests  were  conducted  on  12-inch  diameter  samples 
of  materials  from  TP86-3  compacted  at  optimum  moisture  content  to  90, 

95  and  100  percent  of  maximum  density.  The  results  are  shown  on 
plate  A-59.  They  show  a  range  of  permeability  from  approximately  23  to 
315  ft/day. 


Upstream  Pervious  Borrow  Area 
FIELD  TESTS  AMD  RESULTS 

7-91  Test  trenches  87-3  and  4  were  excavated  in  the  streambed  upstream 
of  the  proposed  embankment  toe  trace  as  part  of  the  concrete  aggregate 
investigation.  They  are  within  the  area  designated  as  the  upstream 
pervious  borrow  area,  and  the  gradations  determined  during  the 
investigation  are  representative  of  the  materials  that  would  be 
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available  from  the  site  if  it  were  used  as  a  borrow  source  of  zone  2,  3 
and  5  embankment  fill  materials.  The  alluvial  materials  exposed  during 
the  investigation  were  not  segregated  into  distinct  layers  of  different 
gradations,  except  for  isolated  pockets  of  limited  extent.  A  sample 
from  each  trench,  therefore,  was  taken  from  the  full  depth  of  the 
trench,  and  is  representative  of  all  the  materials  that  were  encountered. 
A  gradation  of  the  plus  3-inch  material  from  each  of  the  trenches  was 
conducted  at  the  trench  site  in  a  manner  similar  to  that  described  for 
the  downstream  pervious  borrow  area.  The  results  are  shown  in  the  form 
of  gradation  curves  for  each  trench  on  plate  A-98. 

LABORATORY  TESTS  AID  RESULTS 

7-92  A  sample  of  the  minus  3-inch  portion  of  the  materials  from  each 
test  trench  was  taken  for  gradation  and  detailed  laboratory  tests  for 
evaluation  of  the  materials  as  concrete  aggregate.  For  details  of  the 
test  results,  see  section  XI  of  this  appendix.  The  tests  applicable  to 
use  of  the  materials  as  embankment  fill  materials  are  described  below. 

Mechanical  Analysis 

7-93  A  mechanical  analysis  of  the  minus  3-inch  portion  of  each  sample 
was  conducted  at  the  Los  Angeles  District  soils  laboratory.  The  results 
are  shown  on  plate  A-98. 

Specific  Gravity 

7-94  The  specific  gravity  of  the  materials  from  the  trenches  was 
determined  for  particles  smaller  and  larger  than  3/4  inches.  The 
specific  gravities  ranged  from  2.58  to  2.63  for  the  minus  3/4-inch 
materials,  and  from  2.63  to  2.66  for  the  plus  3/4-inch  materials. 


Impervious  Borrow  Area 


FIELD  TESTS  AID  RESULTS 
Sand  Cone  Density  Tests 

7-95  Sand  cone  density  tests  were  conducted  at  various  depths  in  the 
top  15  feet  of  the  soils  in  the  preferred  area  of  the  borrow  area  shown 
on  plate  A-60  in  order  to  determine  the  shrinkage  factor  to  be  expected 
when  the  materials  are  excavated  and  recompacted.  A  total  of  34  tests 
were  conducted  on  benches  cut  into  the  test  trenches  at  depths  ranging 
from  2  to  18  feet.  Additional  material  was  obtained  adjacent  to  the 
density  tests  in  order  to  investigate  moisture-density  relationships  and 
determine  the  percent  compaction  of  the  in  situ  soils.  ASTM  D  698 
standard  compaction  tests  are  expected  to  be  the  basis  for  quality 
control  testing  of  the  core  and  were  used  to  determine  the  percent 
compaction  of  the  in  situ  materials.  The  results  of  the  in  situ  density 
tests  indicate  that  the  in  situ  dry  density  of  the  materials  tested 
ranged  from  88  to  127  lb/ft^,  with  an  average  density  of  114  lb/ft’. 
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This  corresponds  to  percent  compactions  ranging  from  71  to  103  percent, 
with  an  average  value  of  93.  The  depth  and  density  results  for  each  in 
situ  density  sample  are  shown  graphically  on  plate  A-74. 

LABORATORY  TESTS  AND  RESULTS 

7-96  Detailed  tests  to  determine  engineering  properties  were  conducted 
at  the  South  Pacific  Division  Soils  Laboratory.  Classification  tests,  a 
bentonite  blending  study  and  a  portion  of  the  compaction  tests  were 
conducted  at  the  Los  Angeles  District  project  laboratory. 

Mechanical  Analysis 

7-97  Grain  size  analysis  tests  were  conducted  on  the  minus  3-inch 
portion  of  all  samples  from  the  proposed  borrow  area.  The  results  are 
shown  on  the  soil  logs  on  plates  A-62  through  A-73  and  summarized  on 
plate  A-78  in  the  form  of  gradation  curves.  Although  some  areas  within 
the  indicated  borrow  limits  have  materials  unsuitable  for  use  in  the 
impervious  core,  most  of  those  within  the  areal  and  depth  limits  under 
consideration  have  between  10  and  50  percent  fines  and  less  than 
15  percent  gravel. 

Atterberg  Limits 

7-98  Atterberg  limits  were  determined  for  all  samples  that  were  not 
obviously  nonplastic  because  of  their  granular  nature.  The  results  are 
shown  on  the  soil  logs.  Generally,  the  core  materials  under 
consideration  are  not  highly  plastic.  Liquid  limits  are  generally 
between  20  and  40  percent,  and  the  majority  of  the  plasticity  indices 
are  less  than  10  percent. 

Bentonite  Blending 

7-99  Selected  samples  of  potential  core  materials  were  blended  with 
varying  amounts  of  bentonite  to  evaluate  the  effect  of  the  bentonite  on 
some  of  the  engineering  properties  that  are  considered  crucial  to 
acceptable  performance  in  the  embankment.  These  studies  were  initiated 
because  of  concern  about  the  ability  of  the  available  core  materials  to 
deform  sufficiently  during  earthquake  induced  motions,  and  to  estimate 
the  oost  of  alternative  treatments  if  necessary.  Three  groups  of 
samples  were  selected  to  represent  the  most  plastic  materials  occuring 
in  the  borrow  area  (designated  group  SC),  the  least  plastic  materials 
available  (group  SM),  and  an  area  where  borrow  operations  would  be 
easiest  and  most  economical  to  conduct  (group  SM-1).  Each  group  of 
samples,  approximately  600  pounds  total  weight  each,  was  thoroughly 
blended  and  quartered  before  testing.  One  quarter  of  each  sample  was 
untreated  and  the  other  three  quarter  samples  were  blended  with  1,  3  and 
5  percent  of  dry  powdered  Wyoming  bentonite.  Each  quarter  sample  was 
then  subjected  to  mechanical  analysis,  Atterberg  limits  and 
moisture-density  relationship  tests  to  determine  the  effect  of  the 
varying  amounts  of  bentonite  on  these  core  materials.  Both  standard 
(ASTM  D  698)  and  modified  (ASTM  D  1557)  compactions  tests  were  conducted 
on  each  blended  and  untreated  sample. 
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7-100  The  results  of  the  blending  study  are  illustrated  on  plate  A-79. 

The  most  obviously  plastic  and  cemented  materials  that  were  visually 
identified  (group  SC)  had  an  average  of  36  percent  fines  and  average 
liquid  limit  and  plasticity  index  of  32  and  16  percent,  respectively. 

The  addition  of  1  percent  dry  powdered  bentonite  had  no  significant 
effect.  The  addition  of  3  percent  bentonite  raised  the  liquid  limit  of 
the  blended  sample  to  39  percent  and  the  plasticity  index  to  21  percent. 
Five  percent  bentonite  increased  these  values  to  47  and  28  percent, 
respectively. 

7-101  The  blend  of  visually  determined  low  plasticity  materials 
(group  SM)  had  35  percent  fines  and  liquid  limit  and  plasticity  index  of 
23  and  4  percent,  respectively.  Again,  the  addition  of  1  percent 
bentonite  had  very  little  effect  on  the  Atterberg  limits,  raising  each 
only  2  percent.  Three  percent  bentonite  raised  the  liquid  limit  to 
29  percent  and  the  plasticity  index  to  11  percent,  and  5  percent  brought 
the  values  up  to  32  and  15  percent,  respectively. 

7-102  The  blend  of  samples  from  the  easily  accessible  area  (group  SM-1) 
had  an  average  of  32  percent  fines  and  liquid  limit  and  plasticity  of  23 
and  6  percent,  respectively.  The  addition  of  1  percent  bentonite 
increased  the  liquid  limit  to  27  percent  and  the  plasticity  index  to 
10  percent.  The  addition  of  3  and  5  percents  of  bentonite  produced 
values  of  30  and  13  and  33  and  15  percents,  respectively  for  the  liquid 
limit  and  plasticity  index. 

7-103  For  all  of  the  samples,  the  general  trend  of  the  compaction 
curves  when  increasing  amounts  of  bentonite  were  added  was  to  lower  the 
maximum  density  and  increase  the  optimum  moisture  content.  Based  on  the 
results  of  this  preliminary  study,  selected  samples  were  blended  with 
3  percent  bentonite  and  subjected  to  the  full  range  of  detailed  tests 
described  for  core  materials.  The  results  of  these  tests  are  shown  on 
plate  A-76. 

Moisture-Density  Relationships 

7-104  Standard  effort  and  modified  effort  compaction  tests,  corresponding 
to  A STM  D  698  and  1557  test  methods,  were  used  to  determine  the 
moisture-density  relationships  of  the  potential  core  materials.  These 
results,  shown  on  plate  A-78  in  the  form  of  5-point  compaction  curves, 
were  used  to  prepare  samples  for  subsequent  testing  and  to  estimate 
shrinkage  factors  for  borrow  operations.  The  range  of  maximum  densities 
for  impervious  core  materials  was  between  114.7  and  125.0  lb/ft  ^  for 
ASTM  D  698  methods  of  compaction,  and  between  125.4  and  133*4  lb/ft^  for 
ASTM  D  1557  compaction  procedures.  Generally,  the  results  were 
consistent  for  all  tests,  with  ASTM  D  698  procedures  producing  lower 
maximum  densities,  higher  optimum  moisture  contents,  and  somewhat 
flatter  curves. 
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Consolidation 


l 

7-105  Consolidation  tests  were  conducted  on  untreated  and  bentonite 
blended  samples  of  core  materials  compacted  to  98  percent  of  maximum 
density  (ASTM  D  698)  at  optimum  moisture  content  and  at  plus  and  minus 
2  percent  of  optimum  moisture  content.  These  values  were  chosen  as 
being  representative  of  probable  placement  conditions  during  embankment 
construction.  The  results,  shown  on  plate  A-75,  were  used  in  the 
settlement  analysis  of  the  embankment. 

Peraoability 

7-106  Permeability  values  were  determined  for  core  materials  compacted 
to  90,  95  and  100  percent  of  maximum  density  (ASTM  D  698)  at  optimum 
moisture  content.  Both  untreated  and  bentonite  blended  samples  were 
tested.  The  results  are  shown  on  plate  A-75.  They  indicate  that  the 
expected  range  of  permeability  of  the  available  core  materials  when 
placed  and  compacted  in  the  embankment  would  be  between  0.0028  and 
0.1  ft/day.  If  bentonite  is  added,  the  range  would  be  expected  to  be 
between  0.00076  and  0.026  ft/day. 

Tri axial  Compression 

7-107  Consolidated  undrained  (R)  triaxial  compression  tests  were 
conducted  on  both  untreated  and  bentonite  blended  samples,  with  pore 
pressures  monitored  to  obtain  consolidated  drained  (S)  strengths  also. 
The  samples  were  compacted  to  98  percent  of  maximum  density  (ASTM  D  698) 
at  2  percent  over  optimum  moisture  content,  and  tested  at  confining 
pressures  of  1,  2.5,  5,  10,  15  and  20  ton/ft2  to  represent  various 
depths  of  overburden  in  the  embankment.  The  results  are  shown  on 
plate  A-77. 

Dispersion 

7-108  SCS  type  dispersion  tests  were  conducted  on  both  blended  and 
untreated  samples  to  determine  if  dispersive  clays  are  present  in  the 
proposed  core  borrow  materials.  Pinhole  dispersion  tests  were  found  to 
be  unsuitable  for  these  materials  because  the  holes  would  not  stay 
open.  The  results  of  the  tests  indicated  that  the  untreated  materials 
are  nondispersive,  but  that  some  of  the  core  materials  treated  with 
Wyoming  bentonite  may  have  a  tendency  to  disperse  when  saturated. 

Specific  Gravity 

7-109  Specific  gravity  tests  were  conducted  on  selected  samples  of  core 
material.  The  plus  and  minus  No.  4  portions  were  determined  separately. 
Results  indicate  a  range  of  2.67  to  2.73  for  the  plus  No.  4  materials, 
and  from  2.68  to  2.73  for  the  finer  fraction. 
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North  Branch  Fault  Investigations 


7-110  The  fault  investigations  along  the  North  Branch  fault  zone 
yielded  valuable  information  on  the  nature  of  faulting  and  recency  of 
activity.  The  primary  conclusion  of  the  studies  conducted  thus  far  is 
that  faulting  associated  with  the  North  Branch  zone  offsets  a  late 
Pleistocene  terrace  which  is  estimated  to  be  about  55,000  years  old.  In 
trench  T87-2,  a  six  to  twelve  inch  wide  gouge  zone  juxtaposes  quartz 
monzonite  (qm)  on  the  northeast  with  the  Mill  Creek  formation  (Tmc)  to 
the  southwest.  Two  lithologic  units  of  the  formation  were  observed. 
Immediately  west  of  the  fault  is  a  ten-foot  wide  zone  of  dark-brown 
mudstone,  in  sharp  contact  further  west  with  a  reddish  conglomerate 
consisting  of  cobble  to  boulder-sized  clasts  in  a  sand-silt  matrix. 
Detailed  inspection  of  the  colluvium  overlying  the  fault  in  the  bedrock, 
indicated  slight  offsets.  Re-excavation  and  inspection  of  the  colluvium 
in  trench  T87-1  indeed  confirmed  that  the  overburden  materials  in  an 
area  about  200  feet  long  have  been  displaced  on  the  order  of  inches  to 
several  feet.  See  plate  A-48  for  a  detailed  log  of  trench  T87-1.  Based 
upon  these  limited  exposures,  the  fault  zone  is  characterized  by  a 
graben-like  structure  with  apparent  offsets  of  several  feet. 

Preliminary  assessment  is  that  the  features  observed  could  be  the  result 
of  dip-slip  movement  with  the  north-side  down  or  a  small  pull-apart 
associated  with  lateral  offsets.  The  amount  of  lateral  offset  is 
unknown,  however,  reasonably  good  matches  in  the  colluvial  facies 
suggest  only  a  few  tens  of  feet  at  most. 

7-111  Previously  published  geologic  maps  of  the  area  had  shown  the  Mill 
Creek  formation  sediments  to  pinch-out  in  Santa  Ana  River  canyon.  They 
also  had  shown  the  North  Branch  to  be  composed  of  a  single  trace 
referred  to  as  the  Mill  Creek  fault  (Allen,  1957;  Matti,  Morton  and  Cox, 
1985).  Based  upon  this  new  evidence,  it  appears  that  the  North  Branch 
fault  zone  is  composed  of  at  least  two  strands  which  bound  the 
sedimentary  Mill  Creek  formation.  Work  will  continue  during  the  FDM 
study  phase  to  (1)  expose  the  contact  on  the  south  side  of  the  zone, 

(2)  better  establish  the  amount  of  lateral  movement  in  the  zone,  and 

(3)  more  accurately  determine  the  age  of  terraces  and  colluvium  offset 
by  the  fault (s). 

7-112  In  spite  of  this  new  evidence,  it  is  still  believed  that  the 
South  Branch  is  the  modern  neotectonic  strand  of  the  Sain  Andreas  fault 
in  the  vicinity  of  the  damsite.  Over  the  last  several  tens  of  thousands 
of  years,  the  slip-rate  has  been  at  least  one  and  possibly  two  orders  of 
magnitude  more  than  that  on  the  North  Branch  zone  (Weldon,  written 
comm.).  Therefore,  a  magnitude  8+  earthquake  on  the  South  Branch  at  the 
mouth  of  the  canyon  is  still  considered  to  be  the  design  earthquake 
event  for  the  Seven.  Oaks  Dam  and  no  additional  design  measures  are 
necessary  related  to  the  North  Branch. 
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Streaabed  Foundation  Bedrock 
DEPTH  AMD  OORFIGURATIOH  OF  BEDROCK  SURFACE 

8-01  Based  upon  the  depth  to  bedrock  as  determined  in  the  21  core 
holes,  7  rotary  holes  and  9  Becker  Hammer  holes  drilled  in  the 
streambottom  under  the  central  portion  of  the  proposed  dam,  a  top  of 
bedrock  contour  map,  plate  A— 1 ,  was  prepared.  Refractive  seismic 
information  was  of  very  little  use  in  the  preparation  of  the  map  because 
of:  (1)  the  irregularity  of  the  bedrock  surface,  (2)  the  narrowness  of 
the  canyon  bottom  relative  to  the  bedrock  depth,  and  (3)  the  indistinct 
velocity  differential  between  the  coarse,  saturated  alluvium  and  the 
foundation  bedrock.  As  plate  A-41  indicates,  the  Santa  Ana  River  has 
apparently  eroded  into  the  gneiss  and  diorite  bedrock  an  assymetrical 
and  well  defined  channel  which  approximates  the  present  canyon 
configuration.  The  deepest  portion  of  this  channel  at  the  damsite  is 
approximately  100  feet  below  the  existing  ground  surface.  The 
variability  of  the  bedrock  depth  in  relatively  close-spaced  holes  such 
as  C84-01  and  C86-29  (57  feet),  C86-33  and  R86-41  (62  feet),  and  C86-35 
and  C86-38  (51  feet)  indicates  steep  relief  and  a  very  irregular  bedrock 
surface.  An  apparent  shallow  bedrock  shelf  at  the  left  abutment  may 
actually  contain  a  secondary  incised  channel.  This  can  only  be 
determined  by  additional  drilling  which  will  be  conducted  during  the  FDM 
study  and  ultimately  by  actual  streambed  alluvial  excavation.  Bedrock 
contours  outside  of  the  area  of  concentrated  exploration  are  purely 
conjectural. 

BEDROCK  CHARACTERISTICS 

8-4)2  The  foundation  under  the  central  portion  of  the  dam  will  be  both 
gneiss  and  diorite.  The  contact  between  the  two  appears  to  be  irregular 
and  gradational.  The  physical  properties  of  the  two  rockmasses  are 
almost  identical  as  shown  by  the  comparison  shown  in  table  A-46. 
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Table  A-46 


Overall  Drilling  Summary ,  Streambed 
Foundation  Bedrock. 


Item 

Recovery 

(*) 

RQD 

(*> 

Discontinuity 
Frequency 
(per  foot) 

Point 
Load 
Index 
(lb/ in2) 

K 

(ft/day) 

All  drilling 

85 

25 

6.2 

151 

0.06 

Diorite 

83 

25 

6.7 

155 

0.06 

Gneiss 

86 

25 

5.8 

147 

0.06 

Likewise,  the  average  degree  of  weathering  is  very  similar  with  the 
gneiss  generally  moderately  to  highly  weathered  and  the  diorite 
moderately  weathered.  Generally,  the  overall  quality  of  the  bedrock 
does  not  markedly  improve  with  depth  as  shown  on  plates  A-30  through 
A-35.  However,  where  a  distinction  can  be  made,  the  depth  to  improved 
rock  quality  varies  from  approximately  10  to  30  feet  below  the  bedrock 
surface. 

8-03  In  summary,  the  streambed  foundation  bedrock  under  the  proposed 
dam  is  a  moderately  to  highly  weathered,  highly  fractured  gneiss  and 
diorite  with  rockmass  permeability  less  than  0.1  ft/day.  Although  the 
inclination  of  discontinuities  is  quite  variable,  those  between  60  and 
80  degrees  seem  to  predominate.  Almost  one  half  of  the  discontinuity 
surfaces  show  indications  of  movement  such  as  slickensides  or  clay  gouge 
seams  up  to  1 /8-inch  thick,  however,  compressible  clay /gouge  zones  of 
significant  thickness  are  not  in  evidence.  Rock  strength,  as  determined 
from  unconfined  compression  tests  on  intact  core  samples,  is  approximately 
5,000  lb/ in2.  An  average  strength  value  of  4,000  lb/in'-  for  the  overall 
rockmass  is  considered  reasonable.  The  rockmass  quality  does  not 
improve  enough  with  depth  to  warrant  over-excavation  of  the  bedrock 
foundation  surface. 

PAULTUG 

8-04  It  is  anticipated  that,  when  the  foundation  bedrock  is  fully 
exposed  and  cleaned,  a  large  number  of  bedrock  shears  will  be 
encountered.  However,  based  upon  detailed  geologic  mapping  of  bedrock 
adjacent  to  the  streambed  foundation  area,  it  is  unlikely  that  major 
fault  zones  will  be  uncovered.  The  general  rockmass  and  topographic 
continuity,  both  laterally  and  vertically,  would  indicate  that  no  major 
movements  have  occurred  at  the  damsite.  Neither  offsets  in  the 
overburden  nor  in  the  overlying  terrace  deposits,  which  might  indicate 
capable  faulting  at  the  damsite,  have  been  observed  during  geologic 
mapping  of  the  area  or  inspection  of  the  numerous  access  road  cuts  at 
the  left  abutment. 
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Streaabed  Foundation  Alluvium 
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8-05  For  anticipated  conditions  during  operation  of  the  dam,  the 
upstream  portion  of  the  alluvial  foundation  is  assumed  to  be  completely 
saturated  from  impoundment  of  a  debris  pool.  Outlet  releases  near  the 
downstream  toe  combined  with  a  groundwater  barrier  related  to  the  South 
Branch  of  the  San  Andreas  fault  approximately  4,000  feet  downstream  will 
saturate  much  of  the  downstream  portion  also.  For  this  condition  it  is 
apparent  that  the  density,  gradation  and  liquefaction  potential  of  the 
foundation  materials  have  a  major  impact  in  the  embankment  stability 
assessment.  Based  on  the  investigations  and  testing  to  date,  this 
report  will  demonstrate  that  the  foundation  materials  below  a  depth  of 
about  20  feet  appear  to  be  relatively  uniform,  adequately  dense  and 
pervious  enough  to  minimize  pore  pressure  build  up,  thus  retaining  most 
of  their  static  undrained  shear  strength  so  that  they  would  safely 
support  the  proposed  dam  under  strong  earthquake  motions  that  may 
develop  at  the  site.  In  the  subsequent  FDM  study  phase,  additional 
field  testing  will  be  performed  to  verify  the  in  situ  relative  density, 
permeability  and  gradation  to  show  that  they  are  sufficient  to  nullify 
the  concern  about  potential  liquefaction. 

GRADATION 

8-06  Within  the  context  of  the  general  alluvial  environment  of  the 
area,  as  indicated  by  trench  and  drill  logs,  the  foundation  materials  do 
not  vary  significantly  over  the  extent  of  the  embankment  foundation 
area.  Gradation  tests  on  materials  from  trenches  excavated  at  the 
Mentone  and  Lytle  Creek  damsites  nearby  are  similar  in  terms  of 
gradation  and  stratification.  No  conditions  were  encountered  that  would 
indicate  anything  other  than  consistency  of  foundation  conditions. 

These  investigations  indicate  that  materials  deposited  under 
intermittent,  high-velocity  streamflows  are  generally  very  coarse  and 
reasonably  consistent  from  one  area  to  another.  It  is  assumed  therefore 
that,  throughout  the  foundation  area,  the  alluvial  materials  consist  of 
cohesionless,  coarse-grained  gravelly  sands  and  sandy  gravels  with 
occasional  sand  lenses  of  limited  extent  and  relatively  large  amounts  of 
cobbles  and  boulders  up  to  at  least  7  feet  in  diameter.  Based  upon  mass 
gradations  conducted  in  the  streambed,  it  is  estimated  that  40  to 
70  percent  of  the  material  may  be  larger  than  3  inches  and  less  than 
20  percent  smaller  than  Number  4  sieve  size.  The  oversize  rock  is 
generally  subrounded  to  subangular,  with  relatively  few  fresh  fractured 
faces. 

DENSITY 

8-07  The  limited  in  situ  density  data  obtained  from  tests  in  the  three 
test  trenches,  in  conjunction  with  geophysical  seismic  survey  data, 
indicate  that  the  foundation  materials  become  denser  with  depth. 

Although  some  of  the  density  test  results  are  questionable,  the  others 
are  in  reasonably  good  agreement  with  density  test  results  on  similar 
materials  at  the  nearby  Mentone  and  Lytle  Creek  damsites.  Based  on 
f  these  density  tests,  seismic  survey  results,  drilling  action,  and 
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observation  of  materials  in  deep  trenches  downstream,  it  is  reasonable 
to  assume  that  the  average  densities  would  be  at  least  135  lb/ft’  within 
the  embankment  foundation  below  depths  of  20  feet.  To  assure  a  dense 
embankment  foundation,  the  top  20  feet  of  alluvium  would  be  removed 
prior  to  construction  of  the  embankment,  and  all  streambed  materials 
would  be  removed  in  the  central  portion  of  the  embankment,  as  described 
in  paragraph  10-12. 

8-08  Although  the  in  situ  density  data  indicates  that  the  foundation 
materials  are  at  an  average  relative  compaction  of  about  94  percent, 
these  tests  were  performed  in  the  top  20  feet  where  the  materials  are 
known  to  have  lower  density.  The  average  in  situ  density  at  the  bottoms 
of  the  trenches  was  136  lb/ft^.  Information  from  Los  Angeles  District 
construction  projects  having  materials  with  similar  gradations  indicates 
that  these  coarse-grained  materials  can  be  compacted  to  an  average 
density  of  about  138  lb/ft’.  Therefore,  the  materials  below  about 
20  feet  are  probably  as  dense  as  present  construction  methods  can 
compact  them.  The  results  of  the  aquifer  test  conducted  in  the 
foundation  indicate  a  lower  permeability  and  a  much  lower  storativity 
than  would  be  expected  from  analysis  of  effective  grain  sizes.  Since 
the  storativity  of  an  aquifer  is  a  function  of  the  size  and  number  of 
interconnected  voids,  it  may  reasonably  be  judged  that  the  low  values 
are  evidence  of  either  low  void  ratios  in  the  materials  below  the  water 
table  and  therefore,  high  densities,  or  horizontal  layers  of  fine  and 
coarse  material.  Explorations  to  date  do  not  indicate  the  presence  of 
extensive  horizontal  layers  of  either  fine  sands  or  open  gravels.  These 
results,  along  with  the  construction  control  records  from  other  projects 
using  similar  materials,  verify  the  field  and  laboratory  test  results 
and  support  the  conclusion  that  alluvial  outwash  deposits  of  this  type 
are  naturally  dense. 

LIQUEFACTION  POTENTIAL 

8-09  A  review  of  the  data  on  gradation  and  density  of  the  foundation 
materials  at  the  Seven  Oaks  damsite  indicates  that  the  materials  are 
coarser  and  denser  than  alluvial  deposits  of  the  kind  that  literature 
indicates  in  the  past  have  shown  evidence  of  liquefaction.  Even  if 
there  were  a  tendency  for  excess  pore-pressure  development,  there  should 
be  less  concern  about  significant  strength  loss  and  deformation  because 
of  the  following  considerations: 

a.  The  foundation  materials  are  coarse-grained  cohesionless  soils 
with  relatively  high  permeabilities.  Calculated  permeabilities 
from  an  aquifer  pump  test  conducted  in  November  1984  ranged  from 
240  to  340  ft/day.  Laboratory  permeability  tests  on  the  minus 
3-inch  portion  of  similar  materials  compacted  to  densities 
expected  in  the  foundation  ranged  from  about  23  to  315  ft/day. 
Because  of  the  relative  coarseness  and  relatively  high 
permeabilities,  the  foundation  materials  would  be  subjected  to 
partial  drainage  under  seismic  loading.  This  partial  drainage 
would  increase  the  dynamic  strength  of  the  soil  over  the 
undrained  dynamic  strength.  The  presence  of  extensive  layers  of 
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fine-grained  uniform  sand  in  the  foundation  would  be  a  matter  of 
concern,  since  drainage  of  groundwater  in  the  sand  layer  might 
not  be  sufficient  to  reduce  pore  pressures  within  that  layer 
generated  in  a  seismic  event.  However,  nothing  other  than 
relatively  limited  sand  pockets  which  could  easily  drain  to 
adjacent  coarse  materials  have  been  encountered  to  date  in 
exploration  trenches.  Localized  high  pore  pressures  may  develop 
temporarily  in  sandy  deposits  with  minor  loss  of  strength, 
however  drainage  to  adjacent  materials  is  expected  to  be  rapid 
with  no  adverse  effects  to  the  foundation. 

b.  Coarse-grained ,  relatively  dense  cohesionless  soils  tend  to 
develop  less  strains  than  the  kind  of  alluvial  deposits  that 
have  historically  shown  evidence  of  liquefaction  (Wong,  1971; 
Banerjee,  Seed  and  Chan,  1979).  The  foundation  materials  at 
Seven  Oaks  damsite,  under  dynamic  loading,  may  at  the  very  worst 
have  the  potential  to  develop  a  condition  of  initial 
liquefaction  with  limited  strains.  "Initial  liquefaction  with 
limited  strain  potential,"  as  described  by  Seed  et.  al.  1975, 
"denotes  a  condition  in  which  cyclic  stress  applications  develop 
a  condition  of  initial  liquefaction  and  subsequent  cyclic  stress 
applications  cause  limited  strains  to  develop  either  because  of 
the  remaining  resistance  of  the  soil  to  deformation  or  because 
the  soil  dilates,  the  pore  pressure  drops,  and  the  soil 
stabilizes  under  the  applied  loads."  Tests  conducted  on 
Oroville  gravels  (Wong  et.  al. ,  1 97-4 ;  Banerjee  et.  al. ,  1979) 
indicate  limiting  axial  strains  on  samples  at  60  to  84  percent 
relative  density  ranged  from  +2.5  to  over  +10  percent. 

c.  It  is  reasonable  to  assume  that  previous  strain  history  from 
earthquakes  dynamically  loading  the  foundation  materials  at  the 
site  may  have  increased  the  material’s  resistance  to 
liquefaction.  Studies  conducted  by  Lee  and  Focht  (1975) 
indicate  that  previous  strain  histories  led  to  an  increase  in 
cyclic  strength  for  dense  sand  by  a  factor  of  at  least  1.5. 

8-10  Because  of  the  previous  three  reasons,  there  are  few  known 
instances  of  liquefaction  type  phenomenon  or  large  deformations  recorded 
in  gravelly  soils.  A  study  report  by  Wong  et.  al.  (1974)  on  movements 
of  bridge  foundations  during  the  Alaska  earthquake  of  1964  indicates 
large  movements  of  foundations  founded  in  sandy  soils,  with  much  smaller 
movements  for  foundations  founded  on  gravelly  soils.  Historical  data 
for  stress  ratios  causing  conditions  of  liquefaction  and  nonliquefaction 
in  the  field  indicate  that  the  gravels  did  not  liquefy  under  loading 
conditions  that  caused  liquefaction  in  sands. 

8-11  In  summary,  historical  and  recent  test  data  indicate  that 
coarse-grained,  cohesionless,  relatively  dense  foundation  materials  of 
the  type  in  the  Santa  Ana  River  streambed  at  the  Seven  Oaks  damsite 
would  not  undergo  damaging  liquefaction.  The  coarse-grained  materials 
would  probably  develop  limiting  dynamic  strains  on  the  order  of  +3  to 
+5  percent.  To  verify  the  foregoing  assumptions,  an  extensive 
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investigation  of  the  foundation  materials  and  conditions  will  be 
conducted  during  the  FDM  study  phase.  See  paragraphs  13-03  through 
13-08  for  a  description  of  the  foundation  investigation  portion  of  the 
test  fill  contract. 


Right  Abutment 


OVERBURDEN  PROPERTIES 

8-12  The  overburden  on  the  right  abutment  is  primarily  a  mixture  of 
residual  soil  and  slope  wash  with  occasional  remnants  of  alluvial 
terrace  deposits.  The  terrace  material  is  coarse,  cohe3ionless  sand, 
gravel,  cobbles  and  boulders  to  several  feet  in  diameter.  The  residual 
soil  is  loose  silty  sand  which  supports  a  grassy  chapparal  vegetation. 
Primarily  because  the  colluvial  deposits  are  thin  and  irregular  in 
extent  and  somewhat  heterogeneous  in  composition,  they  will  not  be 
utilized  in  the  construction  of  the  dam  embankment.  The  overburden  on 
the  right  abutment  should  be  easily  excavated. 

BEDROCK  PROPERTIES 

8-13  Bedrock  at  the  right  abutment  is  almost  equally  diorite  and  gneiss 
with  the  gradational  contact  semi-parallel  to  the  embankment  centerline. 
Although  almost  no  subsurface  exploration  has  been  conducted  at  the 
right  abutment,  it  is  believed  that  the  rockmass  properties  of  the 
diorite  and  gneiss  will  be  found  to  be  very  similar  to  those  of  the 
streambed  foundation  bedrock.  Therefore,  the  rock  is  expected  to  be 
highly  fractured,  moderately  to  highly  weathered  with  low  permeability. 
Field  mapping  indicates  steeply  dipping,  generally  east-west  foliation 
within  the  gneiss.  Locally,  mafic  rich  zones  within  the  gneiss  may  be 
more  deeply  weathered  and  therefore,  require  additional  excavation  or 
surface  treatment. 

FAULTING 

8-H»  Several  bedrock  faults  were  identified  during  the  geologic  mapping 
of  the  right  abutment,  however,  they  were  either  of  limited  extent  or 
covered  by  unfaulted  colluvium.  General  overall  continuity  of  the  rock 
units  and  topography  indicate  no  large  scale  faulting  through  the 
abutment . 


Left  Abutment 


OVERBURDEN  PROPERTIES 

8-15  The  majority  of  the  overburden  materials  on  the  left  abutment  are 
contained  in  a  relatively  deep  deposit  of  colluvium  along  the  centerline 
of  the  proposed  embankment.  Drill  holes  show  that  this  deposit  is  over 
100  feet  thick  in  the  lower  portions  and  contains  about  500,000  yd^  of 
material.  The  soil  logs  of  bucket  auger  drill  holes  in  this  deposit  are 
shown  on  plate  A-53*  The  logs  show  that  the  majority  of  the  materials 
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below  the  surface  are  nonplastic  sands  and  silty  sands  with  varying 
amounts  of  gravel  and  cobble-size  decomposed  rock  fragments.  This 
deposit  comprises  approximately  80  percent  of  the  overburden  on  the  left 
abutment  area.  The  remainder  is  similar  to  the  right  abutment 
overburden  previously  described,  a  relatively  thin  cover  of  topsoil  and 
weathered  rock  fragments,  mostly  diorite.  The  surficial  materials 
appear  to  be  too  variable  and  contain  too  much  organic  material  to  be 
suitable  for  embankment  fill.  They  will  be  wasted  or  possibly  used  in 
landscape  or  miscellaneous  fill  areas  if  needed.  The  large  mass  of 
colluvial  sands  is  relatively  consistent  throughout  its  depth  and  would 
be  suitable  for  use  as  a  road  construction  material  or  in  the  downstream 
transition  portion  of  the  embankment  if  it  can  be  excavated  without 
undue  contamination  with  unsuitable  organic  surficial  materials. 

BEDROCK  PROPERTIES 

8-16  Only  two  core  holes  were  drilled  at  the  left  abutment  and  only  one 
of  those  under  the  central  portion  of  the  proposed  embankment.  However, 
based  upon  surface  mapping  at  the  abutment  and  the  inspection  of  the 
Edison  tunnel,  it  is  believed  that  the  rockmass  at  the  left  abutment  is 
almost  exclusively  diorite.  The  properties  of  the  diorite  rockmass 
appear  to  be  comparable  to  those  determined  for  the  diorite  bedrock  in 
the  streambed  foundation  as  shown  in  table  A-47. 


Table  A-47.  Streambed  Foundation/Left  Abutment, 
Drilling  Summary  Comparison. 


Item 

Recovery 

RQD 

Discontinuity 

Frequency 

Point 

Load 

Index 

K 

(*) 

(*) 

(per  foot) 

(lb/ in2) 

(ft/day) 

Diorite  Foundation 

85 

25 

6.2 

151 

0.06 

Left  Abutment 

86 

26 

6.1 

234 

0.05 

8-17  Based  upon  the  limited  explorations  conducted  thus  far,  the 
quality  of  the  rockmass  does  not  appear  to  significantly  improve  with 
depth.  As  with  most  of  the  other  holes  drilled  -through  the  diorite 
rockmass,  the  point  load  strength  index  values  remain  remarkably 
constant  with  increasing  depth.  Although  the  unconfined  compressive 
strength  of  one  sample  from  hole  084-06  was  over  13,000  lb/in  ,  three 
samples  from  C86-04  averaged  only  3,794  lb/in2.  This  value  is 
reasonably  in  line  with  the  assumed  overall  4,000  lb/in2  strength  of  the 
diorite.  Rockmass  permeability  should  be  on  the  order  of  0.1  ft/day. 

It  appears  that  the  discontinuities  in  the  rockmass  generally  dip 
steeper  than  45  degrees  and,  as  with  the  streambed  foundation  rockmass, 
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the  majority  show  evidence  of  differential  movement.  Thin  clay-gouge 
seams  and  slickensided  surfaces  are  abundant.  When  the  left  abutment 
bedrock  is  exposed  during  abutment  excavation,  it  is  expected  that  the 
surface  will  be  moderately  to  highly  weathered  and  highly  jointed  and 
sheared.  It  is  estimated  that  10  percent  of  the  bedrock  will  require 
blasting  during  the  abutment  excavation  access  road  construction. 

FAULTUG 

8-18  It  is  anticipated  that  when  the  left  abutment  is  fully  exposed  and 
cleaned  during  the  FDM  study  phase,  a  large  number  of  bedrock  shears 
will  be  encountered.  However,  based  upon  detailed  geologic  mapping  of 
bedrock  outcrops  on  the  left  abutment,  it  is  unlikely  that  major  fault 
zones  will  be  uncovered.  Mo  active  or  potentially  active  faults  have 
been  identified  at  the  damsite  and  the  general  rockmass  and  topographic 
continuity  both  laterally  and  vertically  indicate  no  major  movements  at 
the  damsite. 


$>illway 


OVERBORDER  PROPERTIES 

8-19  Thin  overburden  deposits  effectively  conceal  the  upstream  half  of 
the  spillway  area.  The  overburden  is  almost  exclusively  residual  soil 
and  slopewash  less  than  3  feet  thick.  No  testing  has  been  conducted  on 
the  material  but  visually  it  appears  to  be  a  silty  sand  which  supports  a 
thick  chaparral  vegetation.  The  material  will  be  easily  excavatable. 
Because  of  the  small  volume  and  the  mixture  of  woody  vegetation  it  will 
not  be  used  in  the  construction  of  the  embankment. 

BEDROCK  PROPERTIES 

8-20  Because  of  the  large  volume  of  material  from  the  spillway  to  be 
excavated  and  used  in  the  embankment,  a  great  percentage  of  exploration 
and  testing  conducted  during  the  Phase  II  GDM  investigations  was  aimed 
at  determining  the  expected  properties  of  the  rockmass.  The  jot ity  of 
the  spillway  will  be  excavated  in  gneissic  rock  with  the  remainder  in 
diorite.  The  gneiss  is  more  heterogeneous  in  composition  and  physical 
properties  than  the  diorite.  Nonetheless,  the  degree  of  overall 
variability  is  quite  limited.  As  determined  from  the  drilling  summary 
(table  A-24),  the  spillway  rock  is  highly  fractured,  moderately  weathered 
and  only  moderately  hard.  Downhole  and  refractive  seismic  surveys 
indicate  P-wave  velocities  below  7,000  ft/s  in  the  upper  100  feet.  Rock 
quality  comparisons  on  plates  A-32  to  A-34  indicate  that  a  surficial  zone 
of  poorer  quality  rock  is  identifiable  in  at  least  6  of  the  8  core  holes 
drilled.  This  surficial  zone  varies  in  thickness  from  36  to  132  feet. 

The  deeper  rock,  although  relatively  higher  in  quality,  is  still  highly 
fractured  and  only  moderately  hard.  Laboratory  tests  confirm  that  the 
rock  quality,  as  measured  by  abrasion,  absorption  and  wetting  and  drying 
results  is  not  related  to  depth.  The  overall  physical  properties  of  the 
rockmass  appear  to  be  the  direct  result  of  compressional  stresses  and 
the  degree  of  micro fracturing. 
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Exoavatability 


8-21  Textural  and  compositional  variation  within  the  gneissic  rockmass 
will  likely  cause  variability  in  the  exeavatability  of  the  spillway. 
However,  due  to  the  uniformly  high  degree  of  fracturing  and  relatively 
low  strength  of  the  rockmass  in  general,  it  is  estimated  that  90  percent 
of  the  spillway  can  be  mechanically  excavated. 

Rrodibility 

8-22  A  quantitative  estimate  of  the  erodibility  of  the  spillway  rock 
floor  has  not  been  attempted.  It  can  be  assumed  that  the  physical 
properties  of  the  rockmass  which  might  make  it  rippable  would  also  tend 
to  make  it  more  easily  erodible  (Cameron,  et.  al.,  1986).  Because  the 
gneissic  rockmass  is  highly  fractured  and  variable  in  hardness,  it  is 
reasonable  to  expect  that  spillway  flows  of  high  velocity  could  produce 
localized  erosion  and  plucking  of  small  rock  blocks.  Nonetheless,  given 
the  remote  probability  of  occurrence  and  the  moderate  velocities  and 
short  duration  of  flow  associated  with  a  spillway  flood,  concrete  lining 
of  the  spillway  is  not  recommended  at  Seven  Oaks  Dam. 

Bock  Quality/Size 

8-23  The  spillway  rockmass  in-si tu  is  highly  fractured  with  an  average 
of  6  discontinuities  per  foot  of  recovered  core  and  an  average  RQD  of 
approximately  30  percent.  Core  losses  in  the  representative  holes 
averaged  9  percent.  On  the  basis  of  these  factors,  the  following 
gradation  is  estimated  for  rock  excavated  from  the  spillway  after 
wasting  the  most  highly  weathered  and  degraded  rock: 


Table  A-48.  Estimated  Spillway  Rock  Gradation. 


Size 

Percent  Passing 

12  inch 

100 

6  inch 

80 

3  inch 

60 

no.  4 

30 

However,  laboratory  tests  conducted  thus  far  indicate  that  the  spillway 
rock  may  be  susceptible  to  significant  breakage  during  hauling, 
placement,  and  compaction.  The  actual  excavated  gradation  and  the 
eventual  gradation  after  placement  and  compaction  can  be  estimated  with 
a  greater  degree  of  certainty  only  after  the  proposed  test  excavation  in 
Government  Canyon  Ridge  and  the  associated  test  fill  during  the  FDM 
study  phase. 


Cut-Slope  Stability 


8-24  The  cut-slope  stability  in  the  spillway  excavation  will  ultimately 
be  controlled  by  the  geometry  of  the  excavation  and  the  discontinuities 
in  the  rockmass.  The  prevailing  direction  of  the  steeply  dipping 
foliation  in  the  gneiss  is  almost  perpendicular  to  the  proposed  spillway 
alignment.  Unfortunately  no  prevailing  joint  sets  were  identified 
during  the  field  mapping.  The  inclination  frequency  plot  of 
discontinuities  measured  in  the  8  cores  from  the  spillway  shows  a 
predominance  between  40  and  75  degrees  with  40  and  60  degrees  being  the 
most  common.  It  is  not  possible  to  determine  the  strike  of  these 
discontinuities  and  therefore  the  effect  they  might  have  on  slope 
stability.  Since,  however,  over  50  percent  of  the  logged 
discontinuities  showed  evidence  of  either  slickensides  or  clay/gouge, 
where  the  overall  orientation  is  adverse,  localized  slope  stability 
problems  are  likely  to  occur. 

FAULTING 

8-25  As  shown  on  plate  A-6,  two  faults  were  mapped  in  the  spillway 
which  offset  a  mafic-rich  zone  in  the  gneiss.  Since  they  appear  to  be 
very  steeply  dipping  and  project  mainly  to  the  floor  of  the  spillway 
excavation,  they  should  not  pose  special  slope  stability  problems.  They 
may,  however,  intersect  the  concrete  control  sill.  An  attempt  will  be 
made  to  more  accurately  determine  the  relationship  of  these  faults  to 
the  sill  during  the  FDM  studies.  The  final  assessment  of  their 
significance  on  the  stability  of  the  sill  and  possible  higher  erosion 
potential  will  be  made  during  construction,  when  the  spillway  is  fully 
excavated. 


Government  Canyon  Drainage  Channel 
OVERBURDEN  PROPERTIES 

8-26  The  west  side  of  the  proposed  drainage  channel  excavation,  and 
Government  Canyon  Ridge  in  general,  is  covered  by  thin  residual  3oil  and 
thick  woody  vegetation.  The  overburden  material  will  be  wasted  along 
with  the  stripped  vegetation. 

BEDROCK  PROPERTIES 

8-27  All  of  the  bedrock  to  be  excavated  from  Government  Canyon  Ridge 
will  be  from  the  gneiasic  rockmass.  Although  there  is  variability  in 
both  the  compositional  and  physical  properties  which  precludes 
extrapolation  between  core  holes,  the  overall  characteristics  of  the 
rockmass  are  quite  similar.  As  determined  from  the  drilling  summary 
(table  A-18),  the  Government  Canyon  Ridge  rock  is  highly  fractured, 
moderately  to  highly  weathered  and  only  moderately  hard.  Downhole  and 
refractive  seismic  surveys  indicate  P-wave  velocities  less  than 
3,500  ft/s  in  the  upper  50  feet  and  less  than  8,000  ft/s  to  depths  as 
much  as  180  feet.  Rock  quality  comparisons  on  plates  A-32  and  A-34 
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indicate  that  a  surfieial  zone  of  poorer  quality  rock  is  identifiable  in 
each  of  the  4  core  holes  drilled  in  the  Ridge.  This  surfieial  zone 
varies  from  34  to  84  feet  in  thickness.  Laboratory  tests  confirm  that 
the  rock  quality,  as  measured  by  abrasion,  absorption  and  wetting  and 
drying  results  is  not  related  to  depth.  The  overall  physical  properties 
of  the  rockmass  appear  to  be  the  direct  result  of  compressional  stresses 
and  the  degree  of  microfracturing. 

Rxcavatebility 

8-28  Textural  and  compositional  variation  within  the  gneissic  rockmass 
will  likely  cause  variability  in  the  excavatability  of  Government  Canyon 
Ridge.  However,  due  to  the  uniform  high  degree  of  fracturing  and 
relatively  low  strength  of  the  rockmass  in  general,  it  is  estimated  that 
90  percent  of  the  rock  can  be  mechanically  excavated.  The  proposed  test 
excavation  in  the  area  of  the  drainage  channel  excavation  during  the  FDM 
3tudy  phase  will  yield  qualitative  and  quantitative  data  on  the 
effectiveness  of  different  excavation  techniques  which  will  be  used  in 
formulating  cost  estimates  and  specifications  for  the  embankment 
construction  contract. 

Rock  Quality/Size 

8-29  The  Government  Canyon  Ridge  rockmass  in  situ  is  highly  fractured 
with  an  average  of  5.6  discontinuities  per  foot  of  recovered  core  and  an 
average  RQD  of  31  percent.  Core  losses  in  the  four  core  holes  averaged 
14  percent.  On  the  basis  of  these  factors,  the  following  gradation  is 
estimated  for  rock  excavated  from  Government  Canyon  Ridge  after  wasting 
the  most  highly  weathered  and  degraded  rock: 


Table  A-49.  Estimated  Government  Canyon  Ridge 
Rock  Gradation. 


Size 

Percent  Passing 

12  inch 

100 

6  inch 

80 

3  inch 

60 

no.  4 

30 

However,  laboratory  tests  conducted  thus  far  indicate  that  the  rock  may 
be  susceptible  to  breakage  during  hauling,  placement,  and  compaction. 
The  actual  excavated  gradation  and  the  eventual  gradation  after 
placement  and  compaction  can  only  be  estimated  with  a  greater  degree  of 
certainty  after  the  proposed  test  excavation  in  Government  Canyon  Ridge 
and  the  associated  test  fill  during  the  FDM  study  phase. 


i 

i 

* 


A-VIII-1 1 


Cut-Slope  Stability 

8-30  The  rockmass  conditions  in  Government  Canyon  Ridge  which  affect 
slope  stability  are  similar  to  those  in  the  spillway.  Discontinuities 
in  the  core  from  the  four  holes  drilled  on  the  ridge  are  inclined 
predominantly  35  to  70  degrees  with  those  dipping  *10  to  45  degrees  being 
the  most  common.  Like  in  the  spillway  area,  over  half  show  evidence  of 
slickensides  or  clay/gouge.  However,  the  orientation  of  the  drainage 
channel  excavation  (N57W)  more  closely  follows  the  trend  of  the  steeply 
dipping  mineral  foliation  (N80E  to  N70W). 


Spillway/Government  Canyon  Ridge  Rock  Quality  Comparison 

8-31  A  test  excavation  and  test  fill  of  the  rock  to  be  utilized  in  the 
embankment  construction  will  be  conducted  to  determine  the  physical 
properties  of  excavatability ,  gradation,  strength  and  permeability. 
Ordinarily,  a  test  excavation  would  be  conducted  in  the  spillway,  where 
over  7  million  yd^  will  be  removed  during  construction  of  the 
embankment.  However,  on  the  basis  of  the  drilling  and  laboratory  test 
data  as  listed  in  table  A-50,  the  rockmasses  in  the  spillway  and 
Government  Canyon  Ridge  appear  to  be  similar  to  each  other  and  data  from 
a  test  excavation  in  Government  Canyon  Ridge  can  be  used  for  design 
purposes  to  represent  rock  excavated  from  both  locations. 


Table  A-50.  Spillway/Government  Canyon  Ridge, 
Rockmass  Comparison. 


Parameter 

Government 

Canyon  Ridge 

Spillway 

Recovery  Percentage 

86 

91 

RQD,  percent 

31 

39 

Discontinuity  Frequency 

5.6 

6.3 

Point  Load  Index,  lb/in2 

177 

162 

Downhole  P-wave  Velocity,  ft/s 

3,330-8,000 

2,080-6,490 

LA  Abrasion  Loss,  percent 

81.1 

78.5 

Bulk  SSD 

2.63 

2.55 

Absorption,  percent 

2.29 

2.81 

Plagioclase/orthoclase 

52/48 

64/36 

Quartz,  percent 

15 

16 

Mafics,  percent 

12 

15 
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Outlet  Works 


OVERBURDEN  PROPERTIES 

8-32  Overburden  that  will  be  impacted  by  the  outlet  works  is  limited  to 
the  inlet  and  outlet  portals.  At  the  inlet,  overburden  consists  of 
mostly  streambed  alluvium  capped  with  a  small  amount  of  colluvium  from 
the  slopes  above.  At  the  outlet,  the  portal  is  covered  with  colluvium 
as  is  the  initial  part  of  the  outlet  channel.  The  remainder  of  the 
outlet  channel  and  the  plunge  pool  will  be  founded  in  streambed 
alluvium.  In  general,  the  alluvium  consists  of  clean,  coarse  sand  with 
sub-rounded  gravel,  cobbles  and  boulders  to  several  feet  in  diameter. 

The  colluvium  differs  in  being  more  of  a  silty  sand  with  angular  rock 
fragments  reaching  a  maximum  size  of  about  one  foot. 

BEDROCK  CORFIGURATICK 

8-33  Although  configuration  of  the  bedrock  surface  is  not  fully  known 
at  both  portal  areas,  general  trends  have  been  determined  for  pre-FDM 
phase  design  of  the  outlet  structures.  See  plate  A-47  for  geologic 
profile  and  subsurface  bedrock  contours.  At  the  inlet,  the  ridge  face 
immediately  above  the  valley  floor  is  a  massive  rock  outcrop  on  an 
overall  slope  of  about  IV  on  1H.  Below  the  valley  alluvium  which 
intersects  the  face  at  about  elevation  2,140,  the  bedrock  surface 
contours  appear  to  be  on  a  slight  skew  to  the  outlet  works  centerline, 
dropping  short  on  the  right  side.  At  the  proposed  outlet,  little  is 
known  of  the  depth  to  bedrock  along  the  channel  between  the  portal  and 
the  plunge  pool.  At  the  portal,  the  bedrock  surface  is  only  slightly 
steeper  than  the  ground  surface;  daylighting  about  200  feet  upslope  from 
the  tunnel  exit  site.  At  the  portal,  the  colluvium  appears  to  be  about 
40  feet  deep  vertically,  however,  the  bedrock  surface  appears  to  be 
irregular.  Under  the  plunge  pool,  the  bedrock  surface  lies  between  85 
and  120  feet  below  the  ground  surface.  Further  description  of  the 
bedrock  configuration  can  be  found  in  Volume  1,  Appendix  B,  Seven  Oaks 
Dam  Outlet  Works,  by  the  Portland  District. 

BEDROCK  PROPERTIES 

8-34  The  outlet  works  will  be  constructed  mostly,  if  not  entirely,  in 
diorite.  As  exposed  in  the  local  outcrops  and  explored  in  core  holes  at 
the  portals,  the  diorite  is  generally  moderately  hard  to  hard,  medium 
grained,  somewhat  altered  and  strongly  jointed;  patterns,  however,  are 
random  and  joint  sets  change  frequently.  Joint  spacing  also  varies,  but 
averages  between  1  and  2  feet  making  the  rock  "blocky".  Although  the 
exploration  indicates  the  joints  are  tight,  most  are  coated  and  little 
tensile  strength  exists  between  blocks.  Upstream  from  the  vicinity  of 
the  dam  centerline  to  the  inlet  area,  the  diorite  appears  to  be  the  most 
sound  and  competent  of  any  at  the  project  site.  Downstream,  the  rock  is 
possibly  more  fractured,  sheared  and  weaker.  Other  description  of  the 
bedrock  can  be  found  in  Volume  1 ,  Appendix  B. 
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Excavatability 


8-35  The  excavatability  of  the  main  outlet  works  features  are  discussed 
below. 

Tunnel 


8-36  It  is  anticipated  that  the  tunnel  will  encounter  rock  of  a  similar 
condition  as  that  found  in  the  Edison  tunnel  farther  up  the  ridge.  The 
rock  will  be  hard  enough  to  require  blasting  throughout  and  sufficiently 
"blocky  and  seamy"  to  also  require  continuous  support.  However,  it  is 
anticipated  that  the  upstream  half  will  extend  through  more  competent 
rock  than  the  downstream  half. 

Portals 


8-37  Blasting  will  be  required  to  excavate  the  bedrock  at  both  portals. 
The  outlet  portal,  however,  may  be  impacted  by  faulting  which  may 
require  other  methods  for  excavating  broken  rock.  Further  exploration 
is  planned  for  the  FDM  study  phase  to  determine  the  presence  and  extent 
of  faulting.  Some  support  will  be  required  of  all  cut  slopes  in  rock  to 
minimize  stress  relief  of  the  blocky  rock.  Overburden  at  both  portals 
should  be  easily  excavated  by  common  equipment. 

Channels 


8-38  Most  of  the  approach  and  outlet  channels  will  be  excavated  through 
overburden;  some  bedrock  likely  will  occur  in  the  floors  adjacent  to  the 
portals.  The  overburden  should  be  easily  excavated  by  common  methods 
although  an  occasional  large  boulder  may  require  blasting  near  the  inlet 
and  also  in  the  vicinity  of  the  plunge  pool.  Cut  slopes  should  be  no 
steeper  than  IV  on  2H. 

Tunnel  Roclnaasa  Classification 

8-39  Although  no  exploration  has  been  conducted  along  the  tunnel 
alignment,  the  bedrock  is  expected  to  be  similar  to  that  explored 
elsewhere  in  the  project  area  and  exposed  in  road  cuts,  outcrops,  and 
the  Edison  tunnel.  Based  on  preliminary  data  and  as  analzyed  by  the 
Portland  District  in  Volume  1,  Appendix  B,  two  rock  classifications  have 
been  determined.  The  Terzaghi  classification  is  used  to  determine  rock 
loads  and  the  appropriate  size  and  spacing  of  steel  sets  for  tunnel 
support.  For  the  tunnel  sizes  being  evaluated,  the  rock  is  considered 
to  be  a  class  5  (very  blocky  and  seamy  with  little  or  no  side  pressure). 
The  rock  load  is  estimated  to  be  0.5  x  (B+H)  x  Wr  where  B  is  the  tunnel 
width,  H  is  the  tunnel  height  and  Wr  is  the  unit  weight  of  the  rock. 

The  second  classification  is  the  RMR  (Rock  Mass  Rating)  system.  Under 
this  system,  the  rock  is  classified  as  being  between  a  class  IV  (poor) 
or  a  class  III  (fair). 
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Slope  Stability 

8-40  Slope  stability  is  a  consideration  of  both  portal  cuts  and  the 
channel  sideslopes.  At  the  inlet,  the  approach  channel  sideslopes  are 
mostly  in  alluvium  which  would  be  stable  on  slopes  flatter  than  IV  on  2H 
until  the  first  inundation,  when  they  will  form  their  own  natural 
slopes,  if  left  unprotected.  At  the  inlet  portal,  temporary  cuts  in 
bedrock  will  be  stable  on  near  vertical  slopes  with  support  such  as  rock 
bolting.  For  the  permanently  exposed  cuts  above  the  portal,  the  slope 
will  be  IV  on  0.25H,  also  with  support.  The  existing  rock  face  is 
presently  stable  and  maximum  effort  will  be  made  to  disturb  the  face  as 
little  as  possible  by  minimizing  the  excavation.  At  the  outlet,  the 
colluvium  overlying  the  portal  will  be  removed  probably  at  least  down  to 
the  top  of  the  channel.  As  at  the  inlet,  cuts  in  rock  will  be  near 
vertical  for  temporary  and  IV  on  0.25H  for  permanent  slopes  and 
supported.  Should  a  fault  intersect  the  cut  and  the  rock  be  more  broken 
than  anticipated,  the  stability  treatment  will  be  adjusted  by  increasing 
the  support  and/or  flattening  the  slopes.  For  the  outlet  channel,  both 
rock  and  alluvial  slopes  will  be  temporary  since  the  channel  will  be 
lined  and  the  walls  backfilled.  Cuts  in  the  rock  will  be  short  and  can 
be  IV  on  0.25H  without  support  and  probably  IV  on  2H  in  the  alluvium.  A 
more  detailed  description  is  presented  in  Volume  1 ,  Appendix  B  of  this 
Phase  II  GDM. 

FAULTING 

8-41  Several  narrow  faults,  exposed  elsewhere  on  the  left  abutment, 
project  towards  the  tunnel  nearly  perpendicular  to  it.  Fault  "A",  which 
forms  the  downstream  contact  between  the  diorite  and  gneiss,  projects 
nearby  to  the  proposed  outlet  portal.  Other  faults  likely  exist 
upstream  from  Fault  "A"  as  evidenced  by  several  full  concrete  sections 
in  the  Edison  tunnel.  It  is  anticipated  that  such  faults  will  not 
exceed  a  foot  or  two  in  width  and  will  be  steeply  dipping.  It  is  also 
anticipated  that  numerous  hairline  shears  are  present  and  that  some  of 
them  may  require  special  treatment. 

8-42  One  of  the  seismic  considerations  adopted  for  this  project  is  the 
possibility  of  a  maximum  4-foot  displacement  subsidiary  to  a  great  event 
on  the  San  Andreas  fault.  The  maximum  displacement  would  likely  occur 
on  existing  strong  shears  likely  dissecting  the  site.  The  regional 
trend  of  shearing  is  generally  perpendicular  to  the  outlet  alignment, 
therefore,  the  possiblity  of  up  to  a  4-foot  offset  somewhere  in  the 
tunnel  should  be  considered.  The  preliminary  field  investigations 
indicate  that  candidate  shears  are  most  likely  to  occur  in  the 
downstream  half  of  the  tunnel.  On  the  ground  surface,  well  exposed 
bedrock  over  the  upstream  half  of  the  tunnel  contains  only  limited 
shearing.  The  junction  between  the  two  halves  is  a  long  band  of 
colluvium  which  may  hide  a  large  shear  or  other  weak  zone.  It  is  more 
likely  that  displacements  on  the  order  of  fractions  of  inches  to 
fractions  of  feet  will  occur  during  the  design  earthquake  event  on  one 
or  more  distinct,  but  lesser,  planes  of  weakness.  It  is  also  a 
possibility  that  small  displacements,  however,  may  occur  anywhere  along 
the  outlet  alignment  and  need  not  follow  any  distinct  shear. 
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Reservoir  Area  -  Landslide  Potential 


8-43  The  literature  search,  aerial  photo  interpretation  by  PIC,  and  the 
geologic  field  mapping  did  not  identify  widespread  or  significant 
landsliding  at  the  damsite  or  in  the  reservoir  area.  However,  rockfalls 
and  debris  flows  from  the  higher  and  steeper  slopes  are  common.  Several 
slip-surface  slope  failures  were  identified  and  mapped,  especially  in 
proximity  to  the  North  Branch  fault  zone  and  associated  Tertiary 
sediments.  As  depicted  on  plate  A-5,  one  such  landslide  was  identified 
by  Weldon  (written  comm.)  with  the  scarp  located  at  the  northeast  end  of 
Government  Canyon  Ridge.  Originally,  the  slide  mass  must  have  crossed 
and  dammed  Government  Canyon  with  the  stream  eventually  cutting  through 
and  removing  the  lower  part  of  the  slide  mass.  Minor  slides  within  the 
original  mass  have  moved  into  Government  Canyon.  The  slide  excavated 
and  logged  in  T87-7,  shown  on  plate  A-49,  is  the  most  recent  movement. 
The  estimated  total  volume  of  remaining  slide  debris  is  only  about 
250,000  yd^  and  if  re-activated  would  pose  no  hazard  to  the  dam. 

8-44  Another  slide,  an  order  of  magnitude  larger  in  volume,  possibly 
exists  on  the  north  side  of  Santa  Ana  River  Canyon  near  the  Warm  Springs 
Canyon  confluence  (Weldon,  written  comm.).  Although  this  possible  slide 
mass  would  be  large,  it  is  overlain  by  the  oldest  identified  terrace 
surface  and  therefore  has  been  stable,  even  under  much  wetter  climatic 
conditions  and  higher  stream  levels,  for  on  the  order  of  500,000  years. 

8-45  It  is  likely  that  operation  of  the  flood  control  dam  will  cause 
mass  movements  within  the  reservoir,  most  of  which  will  probably  consist 
of  the  downslope  movement  of  saturated  surficial  residual  3oil  and  loose 
rock.  No  potential  for  large  scale  landsliding  which  would  pose  a 
hazard  to  the  safety  of  the  embankment  was  identified. 


Downstream  Pervious  Borrow  Area 

8-46  The  downstream  pervious  borrow  area  is  located  in  the  alluvial 
outwash  of  the  Santa  Ana  River,  from  1/2  to  3  miles  downstream  of  the 
canyon  mouth.  It  is  being  used  by  the  San  Bernardino  Valley  Water 
Conservation  District  to  spread  water  back  into  the  alluvial  aquifer 
with  a  system  of  interconnected  detention  basins  and  percolation  ponds. 
Approximately  40,000  linear  feet  of  dikes  within  the  borrow  area  make  up 
21  basins  with  a  total  wetted  area  of  about  110  acres.  The  East  Valley 
Water  District  operates  a  water  supply  well  near  the  center  of  the 
borrow  area  that  produces  about  3.000  gal/mi n  for  domestic  use.  These 
facilities  would  be  maintained  or  replaced  after  excavation  of  borrow 
materials.  See  plate  A— 101  for  a  proposed  plan  of  relocation  for  the 
percolation  basin  facilities.  In  addition  to  the  water  agency 
facilities,  two  federally  listed  endangered  plant  species  are  present  in 
the  wash  and  impacts  from  borrow  operations  must  be  mitigated. 

8-47  An  inspection  of  the  mass  gradation  curves  from  the  five  test  pits 
excavated  in  the  downstream  pervious  borrow  area  indicates  that  the 
materials  are  relatively  consistent  from  one  pit  to  another.  A  summary 
of  the  pertinent  gradation  values  for  these  materials  is  shown  in 
table  A-51. 
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Table  A -51 .  Downstream  Pervious  Borrow  Area, 
Soil  Investigation  Summary. 


TEST  PIT 

t  -3  in. 

t  -12  in. 

%  +30  in. 

TP  86-1 

51 

83 

5 

TP  86-2 

41 

81 

0 

TP  86-3 

42 

70 

0 

TP  86-4 

43 

78 

3 

TP  86-5 

45 

79 

0 

AVERAGE 

44 

78 

2 

8-48  Because  of  the  depositional  nature  of  alluvial  outwash  deposits,  a 
gradual  reduction  in  the  quantity  and  size  of  rocks  would  be  expected  as 
the  distance  from  the  canyon  mouth  increases.  This  is  consistent  with 
the  information  gathered  from  investigations  at  the  Seven  Oaks  damsite, 
which  indicate  rocks  up  to  7  feet  in  diameter,  and  at  the  Mentone 
damsite  2  miles  downstream  of  the  borrow  area,  which  encountered  only  a 
few  rocks  larger  than  3  feet.  The  maximum  size  was  about  4  to  5  feet  in 
the  borrow  area  test  pits,  midway  between  the  Seven  Oaks  and  Mentone 
damsites.  Generally,  although  horizontal  layers  indicative  of  variable 
deposition  conditions  were  observed,  no  discernable  difference  in 
overall  gradation  with  depth  was  obvious.  Borrow  excavation  operations, 
described  later,  are  expected  to  produce  a  relatively  consistent 
material  within  the  area  and  depth  limits  planned.  The  following 
paragraphs  describe  the  various  embankment  fill  materials  that  are 
expected  to  be  produced  from  the  downstream  pervious  borrow  area. 

ALLUVIAL  TRAKSITIGH  MATERIAL 

8-49  Relatively  free-draining,  high  strength  upstream  transition 
materials  that  can  be  compacted  to  high  densities  can  be  produced  from 
the  downstream  pervious  borrow  area  by  scalping  out  oversize  rocks  with 
a  grizzley  screening  process.  A  maximum  particle  size  of  12  inches  was 
chosen  for  economy  of  transportation  to  the  damsite  and  to  reduce  the 
tendency  to  segregate  during  placement  and  spreading  operations.  Based 
on  gradations  of  the  samples  from  the  test  pits,  39  to  49  percent  of  the 
minus  12-inch  material  would  be  between  3  and  12  inches  in  diameter. 

Only  about  1  to  3  percent  of  the  material  would  be  finer  than  the 
Ho.  200  sieve  size.  The  gradation  curves  for  these  materials  are  shown 
on  plate  A-57. 

FILTER  MATERIAL 

8-50  Filter  material  to  be  placed  adjacent  to  the  impervious  core  can 
be  produced  by  passing  a  portion  of  the  minus  12-inch  material  over 
another  grizzley  screen  with  3-inch  openings.  This  would  produce  a 
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well-graded,  cohesionless  material  with  little  tendency  to  segregate 
during  placement  and  spreading  operations.  Gradation  curves  for  this 
material  are  also  shown  on  plate  A-57.  This  material  would  be  suitable 
as  an  upstream  crackstopper  zone  because  the  cohesionless  fines  and 
subrounded  sand  particles  could  not  sustain  an  open  crack,  but  would 
instead  collapse  and  tend  to  fill  any  crack  that  developed  in  the  core 
due  to  differential  settlement  or  earthquake  motions,  thus  reducing 
seepage  through  the  crack.  This  material  would  meet  the  gradation 
requirements  for  filter  criteria  contained  in  EM  1110-2-1901,  "Seepage 
Analysis  and  Control  for  Dams."  However,  because  the  filter  is 
well-graded  and  could  be  internally  unstable,  filter  tests  will  be 
conducted  during  the  FDM  study  phase  to  confirm  its  operating 
characteristics. 

SHELL  MATERIAL 

8-51  Based  on  the  mass  gradations  from  the  5  test  pits  that  were 
excavated  in  the  borrow  area,  approximately  17  to  30  percent  of  the 
materials  are  larger  than  12  inches  in  diameter.  These  would  be 
produced  as  a  byproduct  of  the  screening  operation  used  to  obtain  the 
upstream  transition  materials.  Stone  from  12  to  30  inches  in  diameter, 
and  a  relatively  smaller  amount  of  3  to  12  inch  stone  from  the  filter 
material  processing,  would  be  used  to  construct  an  erosion  resistant 
oversize  shell  zone  on  the  outer  slopes  of  the  dam.  The  boulders  larger 
than  30  inches,  visually  estimated  to  be  less  than  3  percent  of  the 
total  borrow  area  volume,  would  be  removed  in  the  borrow  area  and 
wasted. 


Upstream  Pervious  Borrow  Area 

8-52  The  upstream  pervious  borrow  area  consists  of  the  streambed 
alluvium  between  the  upstream  toe  of  the  embankment  and  the  confluence 
of  Santa  Ana  River  and  Warm  Springs  canyons.  This  area  is  listed  as  an 
optional  borrow  area  because  of  the  anticipated  difficulty  in  excavating 
the  materials  after  completion  of  the  slurry  trench  cutoff.  Groundwater 
is  normally  within  about  15  feet  of  the  surface  and  is  expected  to 
quickly  rise  to  the  surface  when  the  cutoff  to  bedrock  is  constructed. 
Excavation  of  the  alluvium  upstream  of  the  cutoff  will  require 
dewatering  of  the  streambed  to  allow  operation  by  construction 
equipment. 

8-53  The  mass  gradations  of  the  two  test  trenches  in  this  area  that 
were  excavated  as  part  of  the  aggregate  investigation  indicate  that  the 
materials  in  the  canyon  are  considerably  coarser  than  in  the  downstream 
alluvial  wash  below  the  canyon  mouth.  Although  the  materials  are 
similar,  a  ouch  greater  percentage  of  the  streambed  materials  are  larger 
than  30  inches  in  diameter,  and  therefore  unusable  in  the  embankment. 

The  locations  of  the  two  trenches  are  shown  on  plate  A-97  and  pertinent 
gradations  of  the  samples  from  these  trenches  are  illustrated  in 
table  A-52. 
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Table  A -52.  Upstream  Pervious  Borrow  Area, 
Soil  Investigation  Summary. 


Trench  f  -3  in.  5-12  in.  5  +30  in. 


TT  87-3 

30 

60 

13 

TT  87-4 

27. 

52 

19 

AVERAGE 

29 

56 

16 

8-54  If  utilized  by  the  Contractor,  the  upstream  pervious  borrow  area 
would  produce  free-draining,  high-strength  materials  similar  to  those 
described  from  the  downstream  pervious  borrow  area.  Since  the  volume  to 
be  excavated  is  considerably  smaller,  the  construction  operations  would 
probably  utilize  a  stationary  grizzley  plant  with  excavated  materials 
loaded  into  trucks  and  hauled  to  the  grizzley  rather  than  pushed  by  a 
dozer  to  portable  screening  equipment  as  was  estimated  for  the 
downstream  borrow  operation. 


Impervious  Borrow  Area 


MATERIAL  DISTRIBUTION 

8-55  The  impervious  borrow  area  is  located  in  a  terrace  of  alluvial 
material  of  granitic  origin  that  has  developed  a  vertical  soil  profile 
due  to  weathering  from  the  surface.  The  weathering  and  resulting  amount 
of  fines  is  greatest  at  the  surface  and  decreases  rapidly  with  depth. 

The  amount  of  weathering  and  soil  development  is  roughly  proportional  to 
the  amount  of  water  that  has  been  introduced  to  the  soil,  so  that  those 
areas  with  steep  slopes  and  rapid  runoff  exhibit  a  lesser  degree  of  soil 
development  than  those  areas  with  gentler  slopes.  The  investigation 
confirmed  this  pattern  and  identified  those  areas  where  sufficient 
amounts  of  fines  are  present  to  produce  a  relatively  impervious  core 
material.  Generally,  in  the  northern  half  of  the  proposed  borrow  area, 
the  slopes  are  steep  and  the  depth  of  soil  with  appreciable  amounts  of 
fines  is  relatively  shallow  and  variable.  The  depth  of  soil  with  more 
than  about  15  percent  fines  ranges  from  less  than  a  foot  to  more  than 
20  feet.  In  the  southern  half  of  the  borrow  are?,  the  surface  is  more 
nearly  level  and  the  soils  with  significant  amounts  of  fines  extend  to 
15  feet  or  more  throughout  the  preferred  area  shown  on  plate  A-60.  A 
graphical  representation  of  the  distribution  of  amounts  of  material 
smaller  than  a  No.  200  sieve  is  shown  on  plate  A-61. 

6-56  Generally,  the  impervious  soils  in  the  borrow  area  are  silty  and 
clayey  sands  with  relatively  few  gravel  and  cobble  size  particles. 

Liquid  limits  are  normally  in  the  range  between  20  and  40  percent,  and 
plasticity  indexes  are  mostly  less  than  10  percent.  In  the  indicated 
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preferred  area,  the  percent  passing  the  No.  200  sieve  ranges  from  12  to 
1)8  percent  with  a  mean  of  30  percent.  Gradation  curves  and  results  of 
detailed  laboratory  tests  on  impervious  borrow  materials  are  shown  on 
plate  A-75. 

STRESS-STRAIN  CHARACTERISTICS 

8-57  Because  of  the  postulated  H-foot  displacement  in  the  foundation 
during  a  large  seismic  event  and  the  anticipated  differential  settlement 
between  the  core  said  the  filter  zones,  plastic  deformation  of  the  core 
materials  under  large  strain  conditions  was  judged  to  be  critical  to  the 
safe  performance  of  the  embankment.  Since  brittleness  is  normally 
associated  with  low  plasticity  soils,  a  bentonite  blending  investigation 
and  a  detailed  laboratory  study  of  the  stress-strain  characteristics  of 
the  proposed  core  materials  was  undertaken. 

8-58  Atterberg  limits,  and  especially  a  plasticity  index  of  10  to  15, 
were  used  as  index  values  of  materials  that  were  known  to  exhibit 
non-brittle  deformation  during  large  strains.  The  blending  study  showed 
that  approximately  3  percent  by  dry  weight  of  powdered  bentonite  was 
needed  to  significantly  increase  the  Atterberg  limits  of  the  typical 
impervious  borrow  materials  and  bring  the  PI  into  the  desired  range.  A 
portion  of  the  impervious  samples  were  blended  with  3  percent  bentonite 
and  subjected  to  the  same  detailed  laboratory  tests  that  were  run  on 
non-blended  samples  to  evaluate  the  effect  on  the  engineering 
characteristics  of  the  material.  The  results  of  laboratory  tests  on  the 
blended  materials  are  shown  on  plate  A-76  and  the  moisture-density 
relationships  on  plate  A-79. 

8-59  Triaxial  shear  tests  on  impervious  borrow  materials  compacted 
to  98  percent  of  maximum  density  (ASTM  D  698),  between  minus  2  and  plus 
2  percent  of  optimum  moisture  content,  indicate  that  the  proposed  core 
material  does  not  behave  in  a  brittle  manner  even  when  tests  were 
continued  to  axial  strain  values  of  25  to  30  percent.  The  stress-strain 
curves  illustrated  on  plate  A-77  do  not  show  a  sudden  drop  in  strength, 
but  rather  an  initial  elastic  type  behavior  followed  by  plastic 
deformation  at  high  strains.  Even  a  set  of  tests  on  material  that  was 
compacted  to  100  percent  of  maximum  density  (ASTM  D  698)  exhibited 
plastic  deforma tion  during  shear.  Based  on  the  results  of  these  tests, 
and  the  suitability  of  permeability,  consolidation  and  compactibility 
factors,  it  was  concluded  that  blending  of  bentonite  into  the  borrow 
materials  is  not  necessary  to  obtain  suitable  impervious  core  materials. 
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IX.  DESIGH  VALDES 


General 

9-01  The  adopted  design  parameters  selected  for  the  proposed  embankment 
materials  and  foundation  are  based  on  conservative  interpretations  of 
the  field  and  laboratory  test  results.  Considerations  were  also  given 
to  values  for  similar  materials  on  major  projects  constructed  by  the  Los 
Angeles  District  and  others. 

9-02  The  design  shear  strengths  were  selected  in  general  accordance 
with  the  guidelines  outlined  in  EM  1110-2-1902,  "Engineering  and  Design, 
Stability  of  Earth  and  Rockfill  Dams,"  dated  1  April  1970.  The  selected 
design  values  are  presented  in  this  section  in  table  A-54. 

9-03  During  the  FDM  stage  of  the  project,  investigations  for  the 
foundation  and  embankment  materials  will  include  the  determination  of 
dynamic  strengths  and  response  properties.  The  static  and  dynamic 
performance  of  the  materials  will  be  analyzed  using  varying  combinations 
of  material  densities  and  corresponding  strengths. 


Foundation 

BEDROCI 

9-04  The  foundation  bedrock  at  the  damsite  is  composed  of  gneiss  and 
diorite.  Both  rock  types  are  generally  decomposed  and  highly  weathered 
adjacent  to  the  bedrock/alluvium  interface.  The  gneiss  and  diorite  are 
highly  to  intensely  fractured  and  Jointed  and  the  bedrock  quality  does 
not  significantly  improve  with  depth.  Therefore,  in  the  contact  area 
between  the  core  and  filter  zones  and  the  bedrock,  the  bedrock  will  be 
excavated  to  a  minimum  depth  of  approximately  5  feet.  Outside  of  this 
area,  the  bedrock  will  be  cleaned  of  loose  material  but  not  excavated 
except  where  shaping  is  required  to  provide  suitable  surfaces  for 
placing  fill. 
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9-05  Unconfined  compression  tests  of  bedrock  cores  taken  from  the 
embankment  foundation  were  conducted  to  evaluate  the  relative  strength 
of  the  rock  sample.  The  compressive  strengths  ranged  from  1,790  to 
13,180  lb/in2.  Triaxial  compression  tests  evaluate  the  strength  of  the 
rock  (intact)  under  conditions  of  lateral  confinement  and  are  useful  in 
evaluating  the  foundation  bearing  capacity.  Triaxial  compression  tests 
were  not  conducted  for  the  GDM  study,  but  will  be  conducted  during  the 
FDM  study.  Fcr  this  study,  conservative  strength  values  were  assumed  as 
follows:  unconfined  compressive  strengths  of  5,000  lb/in2  and  angle  of 
internal  friction  (0)  from  35  to  HO  degrees. 

9-06  A  lower  bound  bearing  capacity  (conservative  for  homogeneous, 
discontinuous  rock  masses)  can  be  assumed  as  the  unconfined  compressive 
strength  (5,000  lb/in2)  of  the  rock  mass.  For  rock  masses  with  a 
constant  angle  of  internal  friction  and  unconfined  compressive  strength, 
the  bearing  capacity  can  be  calculated  using  simplified  equations 
(Goodman,  1980).  Using  these  equations,  the  ultimate  bearing  capacity 
for  the  dam  foundation  is  approximately  4,000  kip/ ft2,  adequate  for  a 
650-foot  high  embankment  (average  unit  weight  =  145  lb/ft’). 

9-07  Shear  wave  velocities  are  used  to  empirically  calculate  elastic 
(E)  and  shear  (G)  moduli.  Downhole  and  crosshole  geophysical  tests  that 
measure  shear  wave  velocities  were  not  conducted  in  the  bedrock  during 
the  GDM  study,  and  will  be  conducted  during  the  FDM.  Based  on  an 
assumed  shear  velocity  of  4,5Q0  ft/s,  the  elastic  and  shear  modulus  were 
calculated  as:  E  =  2.0  x  106  and  G  =  7*7  x  105  lb/in2. 

ALLUVIUM 

9-08  The  alluvial  foundation  materials  are  gravelly  sands  with  varying 
amounts  of  subrounded  cobbles  and  boulders.  Approximately  two-thirds  of 
the  alluvial  foundation  material  consists  of  cobbles  and  boulders  up  to 
5  feet  in  diameter. 

9-09  Large-scale  in  situ  density  tests  were  performed  in  lenses  of 
material  with  relatively  few  cobbles  and  boulders  in  the  top  20  feet  in 
the  foundation.  Based  on  these  tests,  the  in  situ  dry  unit  weight  of 
the  foundation  ranged  from  109  to  137  lb/ft^  with  an  average  value  of 
125  lb/ft’.  This  compares  to  the  vibrated  maximum  density  of  the  minus 
6-inch  materials  at  approximately  95  percent  of  maximum  density. 

9-10  The  minus  2-inch  materials  were  remolded  to  95  percent  of  maximum 
density  (procedure  developed  by  the  California  Department  of  Water 
Resources)  and  tested  in  12-inch  diameter  molds.  Laboratory  studies 
indicate  that  materials  with  a  significant  fraction  of  particles  larger 
than  1  inch  in  diameter  are  extremely  difficult  to  test  using 
conventional  laboratory  triaxial  equipment.  The  difficulty  is  that  the 
diameter  of  the  laboratory  triaxial  specimens  must  exceed  the  maximum 
particle  size  of  the  material  by  at  least  a  6  to  1  ratio  to  yield 
reliable  results.  Testing  of  particles  larger  than  2  inches  exceeds  SPD 
laboratory  equipment  capabilities.  This  problem  was  marginally  resolved 
by  scalping  oversize  particles  and  replacing  materials  with  an  equal 
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percentage  by  weight  of  material  retained  on  the  No.  4  sieve  and  passing 
the  2-inch  sieve  to  produce  samples  suitable  for  the  available 
equipment. 

9-11  Triaxial  compression  (oonsolidated-drained)  test- results  indicate 
internal  friction  angles  ranging  from  47  to  40.5  degrees  for  normal 
pressures  ranging  from  51  to  405  lb/in2. 


Embankment 

9-12  The  impervious  core  materials  will  be  obtained  from  the  Impervious 
Borrow  Area.  The  rock  materials  for  the  downstream  transition  zone  will 
be  obtained  from  the  Government  Canyon  Ridge  and  spillway  excavation. 

The  filter,  alluvial  transition,  and  oversize  shell  will  be  obtained 
from  the  alluvial  foundation  excavation  and  Downstream  Pervious  Borrow 
Area. 

IMPERVIOUS  CORE 

9-13  The  core  materials  are  primarily  silty  and  clayey  sands  of 
relatively  low  plasticity.  The  selection  of  design  shear  strengths 
for  the  core  materials  was  determined  from  laboratory  triaxial 
compression  (unconsolidated-undrained,  eonsolidated-undrained,  and 
consolidated-drained)  tests  conducted  on  remolded  impervious  core 
materials.  The  samples  were  remolded  to  98  and  100  percent  of  maximum 
density  (ASTM  D  698)  at  moisture  contents  ranging  from  2  percent  below 
to  1.5  percent  above  optimum  moisture  content.  The  samples  tested  were 
representative  of  the  impervious  core  materials  blended  to  a  depth  of 
15  feet,  based  on  a  statistical  analyses  of  33  test  holes  in  the 
preferred  impervious  borrow  area.  The  unconsolidated-undrained, 
eonsolidated-undrained,  and  consolidated-drained  shear  strength  (p-q 
plots)  te3t  results  and  K^.  design  envelopes  are  presented  on  plate  A-75. 
The  combined  shear  strength  envelope  used  in  the  slope  stability 
analysis  is  also  presented  on  plate  A-82.  The  design  values  are  as 
follows: 


Table  A-53.  Impervious  Core  Design  Strengths. 


Test  Type 

Angle  of  Friction 
(degrees; 

Cohesion 
(ton/ ft2) 

Unconsolidated-undrained  (Q) 

2.0 

Consolidated-undrained  (R) 

15 

0.8 

Consolidated-drained  (S) 

36 

0.0 
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FILTER 

9—14  The  filter  zone  would  be  constructed  of  minus  3-inch  alluvial 
materials  obtained  from  the  downstream  pervious  borrow  area  and 
compacted  to  at  least  95  percent  of  maximum  density.  The  design  shear 
k  strength  parameters  for  the  filter  materials  were  determined  from 

laboratory  tests  (consolidated-drained  triaxial  compression)  conducted 
on  remolded  samples  representative  of  minus  3-inch  materials  from  the 
downstream  pervious  borrow  area. 

9-15  The  minus  2-inch  materials  were  remolded  to  95  percent  of  maximum 
1  density  (ASTM  D  1557)  at  1  percent  above  optimum  moisture  content  and 

tested  in  12- inch  diameter  specimens. 

9—1 6  Tests  indicate  that  internal  friction  angles  range  from  47  to 
40.5  degrees  for  normal  pressures  ranging  from  51  to  405  lb/ in2. 

ALLUVIAL  TRANSITION  AMD  SHELL 

9-17  The  alluvial  transition  and  shell  materials  would  be  obtained  from 
the  foundation  excavation  and  the  downstream  pervious  borrow  area.  As 
previously  stated,  the  shell  would  be  composed  primarily  of  12  to  30-inch 
boulders,  and  the  alluvial  transition  would  contain  minus  12-inch 
materials. 

9-18  Testing  of  these  larger  particles  exceeds  equipment  capabilities. 
Therefore,  only  minus  2-inch  materials  (see  para.  9-10,  Alluvium)  were 
remolded  to  95  percent  of  maximum  density  (ASTM  D  1557)  at  1  percent 
above  optimum  moisture  content  and  tested  in  12-inch  diameter 
specimens.  Triaxial  compression  (consolidated-drained)  test  results 
indicate  friction  angles  range  from  47  to  40.5  degrees  for  normal 
pressures  ranging  from  51  to  405  lb/in2. 

9-19  Studies  on  similar  alluvial  materials  from  major  projects 
constructed  by  this  District  and  others  were  also  considered  in 
selecting  the  design  strengths.  Laboratory  tests  conducted  on  minus 
3-inch  subrounded  alluvial  materials  compacted  to  medium  and  high 
densities  indicated  shear  strengths  ranging  from  47  to  38  degrees  for 
confining  pressures  ranging  from  60  to  500  lb/in2.  In  addition,  shear 
strengths  ranging  from  51  to  40.5  degrees  for  confining  pressures 
ranging  from  10  to  500  lb/in2  were  recommended  by  technical  expert 
H.  Bolton  Seed.  A  design  curve  was  selected  based  on  the  internal 
friction  angles  and  normal  pressures  of  the  laboratory  tests  and 
recommended  strengths.  Additional  triaxial  shear  tests  at  high 
confining  pressures  will  be  conducted  during  the  FDM  studies  to  verify 
the  design  shear  strengths. 

DOMSTRBAff  TRANSITION 

9-20  Laboratory  testing  on  the  rock  materials  for  the  downstream 
-  transition  zone  was  not  performed  in  the  GDM  study  since  materials 

representative  of  the  Government  Canyon  Ridge  and  spillway  excavation 
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and  fill  could  not  be  obtained.  The  test  fill  proposed  as  the  initial 
construction  start  will  be  utilized  to  determine  the  characteristics  of 
V  these  materials  when  used  as  embankment  fill.  The  test  fill  will 

subject  the  materials  to  excavation,  loading,  spreading  and  compaction 
procedures  similar  to  what  may  be  expected  during  construction  of  the 
dam,  and  thus  evaluate  the  engineering  properties  of  the  "as  placed" 
materials.  Field  tests  will  be  used  to  determine  gradation,  particle 
breakdown,  density  and  consolidation  characteristics.  Detailed 
laboratory  tests  on  materials  excavated  from  the  test  fill  will  be 
conducted  in  order  to  select  final  design  values  for  shear  strength  and 
permeability.  See  table  A-55  for  a  complete  list  of  laboratory  tests  to 
be  conducted  on  these  materials  during  the  FDM  study  phase.  For  this 
study,  the  design  shear  strength  parameters  for  the  downstream 
transition  were  selected  from  tests  performed  on  rockfill  materials  by 
others  and  summarized  in  studies  by  Leps  (1970).  Leps'  data  on  rockfill 
friction  angles  and  their  corresponding  confining  pressure  were  plotted 
and  a  design  curve  was  conservatively  selected  such  that  two-thirds  of 
the  test  values  exceed  the  design  curve. 


Table  A -54.  Adopted  Design  Values. 


ZONE 

yd  3 

im 

lb/ ft3 

^sat 

lb/ft3 

Rphi 

degrees 

c  2 
ton/ ft ^ 

Sphi 

degrees 

Impervious  Core 

120 

136 

138 

20 

0.8 

30 

Filter 

125 

135 

140 

37 

Alluvial  Trans. 

138 

145 

147 

41-37 

Downstream  Trans. 

118 

132 

137 

45-37 

Shell 

138 

145 

149 

45 

Alluvial  Found. 

133 

137 

146 

40 

Bedrock  Foundation 

170 

40 

Feature  Design  Testing 

9-21  These  adopted  design  values  will  be  verified  by  the  results  of  the 
test  fill  and  additional  laboratory  testing  that  will  be  performed 
during  the  FDM  study  phase.  Results  of  detailed  laboratory  tests  such 
as  resonant  column  and  cyclic  triaxial  compression  will  be  used  to 
determine  cyclic  response  chracteristics.  Results  of  static  triaxial 
compression  tests  will  be  U3ed  for  static  strengths  and  to  determine 
static  finite  element  parameters  such  as  the  deformation  modulus  and 
bulk  modulus.  The  types  of  laboratory  tests  scheduled  for  the  FDM  study 
are  identified  in  table  A-55. 


( 
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Table  A-55.  Scheduled  FDM  Laboratory  Testing. 


Laboratory 

Test 

Imper¬ 

vious 

Core 

Filter 

Zone 

Alluvial 
Tran si tion 

Downstream 

Transition 

Shell 

Alluvial 

Foundation 

Compaction 

yes 

yes 

yes 

yes 

yes 

yes 

Consolidation 

yes 

yes 

- 

- 

- 

- 

Dispersion 

yes 

- 

- 

- 

- 

- 

Permeability 

yes 

yes 

yes 

yes 

yes 

yes 

Resonant  Column 

yes 

yes 

- 

yes 

- 

- 

Specific  Gravity 

Triaxial: 

yes 

yes 

yes 

yes 

yes 

yes 

-  Static 

yes 

yes 

yes 

yes 

yes 

yes 

-  Cyclic 

Special: 

yes 

yes 

yes 

yes 

yes 

yes 

-  Filter 

(as  per  Tech 
Report  GL-87 -22 ) 

yes 

yes 
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X.  DESIGH  AND  ANALYSIS 

Embankment 


SEISMIC  CRITERIA 

10-01  The  seismic  criteria  for  Seven  Oaks  Dam  was  developed  by 

(a)  defining  the  seismic  zones,  faults,  and  source  areas,  (b)  developing 

and  selecting  the  site  or  region  specific  attenuation  characteristics, 

(c)  calculating  the  site  bedrock  motions  (acceleration,  velocity, 
displacement,  and  duration),  and  (d)  selecting  analogous  time-histories 
and  response  spectra,  with  appropriate  scale  factors. 

MAXIMUM  CREDIBLE  EVENT 

10-02  The  maximum  credible  earthquake  for  Seven  Oaks  Dam  is  postulated 
as  a  magnitude  8+  event  on  the  South  Branch  of  the  San  Andreas  fault. 

This  fault  is  considered  the  primary  seismic  source  capable  of 
generating  earthquakes  that  could  cause  significant  ground  shaking  at 
the  dam  and  was  selected  based  upon  the  degree  of  activity  of  faulting, 
magnitude,  peak  site  horizontal  bedrock  acceleration,  duration  of  strong 
shaking,  and  the  distance  of  the  fault  from  the  dam.  During  the  FDM 
study,  the  response  of  the  embankment  and  foundation  to  the  maximum 
credible  and  maximum  probable  earthquake  events  will  be  determined  and 
the  stability  of  Seven  Oaks  Dam  under  earthquake  loading  will  be 
evaluated. 

SITE  GROUND  MOTIONS 

10-03  Earthquake  parameters  were  recommended  by  Bruce  Bolt  for  the  San 
Andreas  event,  see  attachment  A-2.  The  recommended  seismic  parameters 
are  presented  in  table  A-2  of  section  IV  of  this  appendix.  The  maximum 
horizontal  accelerations  in  rock  based  on  the  attenuation  characteristics 
specific  to  Seven  Oaks  Dam,  should  the  maximum  credible  and  maximum 
probable  earthquakes  occur,  would  be  0.70g  and  0.50g,  respectively. 

These  values  will  be  applied  at  the  base  of  the  finite  element  model  of 
the  dam  during  the  FDM  dynamic  analyses. 
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10-04  Bolt  recommends  a  bracketed  duration  of  40  to  50  seconds 
(accelerations  greater  than  0.05g).  However,  the  number  of  equivalent 
uniform  cycles  of  motion  (Seed,  et.  al. ,  1975)  is  most  useful  in  soil 
response  problems.  Seed,  et.  al.  indicates  that  the  number  of 
equivalent  uniform  cycles  of  motion  is  typically  about  25  for  a 
magnitude  8.5  event  and  will  be  used  for  the  FDM  dynamic  analyses. 

DESIGN  EARTHQUAKE  ACCELEROGRAM 

10-05  The  selection  of  the  acceleration-time  histories  will  be  made 
after  researching  corrected  accelerograms  and  selecting  the  one  that 
best  matches  the  magnitude  and  epicentral  distance  of  the  events  to  the 
site  characteristics  of  Seven  Oaks  Dam. 

10-06  No  accelerograph  record  of  ground  shaking  resulting  from  a  large 
magnitude  earthquake  has  ever  been  obtained,  therefore  a  synthetic 
accelerogram  must  be  used.  Based  on  the  seismic  parameters  and  other 
seismological  considerations,  Bolt  recommended  that  the  maximum  credible 
and  maximum  probable  earthquake  events  be  modeled  by  time-histories 
developed  by  ESA  (in  consultation  with  Bruce  Bolt  and  used  for  seismic 
stability  analysis  of  San  Andreas  and  Pilacirtos  Dams  for  the  City  of 
San  Francisco).  The  FDM  study  will  consider  Bolt's  accelerograph 
records  as  well  as  other  synthetic  records,  such  as  the  hypothetical 
accelerogram  developed  by  Seed  and  Idriss  (1969) >  known  as  the 
Seed-ldriss  record.  These  records  are  shown  on  plate  A-81. 

10-07  The  relative  severity  of  the  recommended  design  earthquake 
records  to  several  other  natural  earthquake  records  will  be  evaluated  by 
comparing  the  acceleration  response  spectra  and  the  results  of 
one-dimensional  free  field  response  analyses.  Although  relationships 
for  frequency  content  are  not  as  numerous  as  the  relationships  for  peak 
accelerations,  several  studies  are  available.  The  relationship  by  Seed, 
Ugas,  and  Lysmer  (1976)  expressed  in  the  form  of  a  response  spectrum  has 
been  most  widely  used  in  dam  safety  studies.  The  Seed,  Ugas,  and  Lysmer 
average  response  spectra  for  different  site  conditions  do  not  reflect 
the  magnitude  and  distance  dependencies  shown  in  other  studies,  but 
their  average  spectra  provide  a  useful  reference  to  judge  the 
suitability  of  a  particular  motion  for  use  in  analysis.  Motions  with  a 
response  spectrum  similar  to  the  Seed,  Ugas,  and  Lysmer  mean  plus  one 
standard  deviation  spectrum  are  suitable  for  use  in  conjunction  with 
mean  peak  horizontal  accelerations. 

10-08  Acceleration  response  spectra  for  the  Bolt  and  Seed-ldriss 
records  representing  the  regional  San  Andreas  event  are  presented  on 
plate  A-81 .  The  mean  plus  one  standard  deviation  record  developed  by 
Seed,  Ugas,  and  Lysmer  (1974),  is  presented  for  direct  comparison.  The 
amplification  factors  for  the  Bolt  and  Seed-ldriss  records  are 
approximately  equal  and  both  are  higher  than  Seed,  et.  al.'s  mean  plus 
one  standard  deviation  curve.  The  predominant  period  of  the  site  is 
approximately  4  seconds.  The  response  spectra  indicates  only  the 
frequency  content  of  a  motion  and  the  occurrence  of  liquefaction  is  very 
sensitive  to  the  duration  of  ground  shaking. 
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nraSIVE  DESIGR  MEASURES 


10-09  Given  the  foregoing  seismic  environment,  defensive  measures  to 
enable  the  dam  to  safely  withstand  earthquake  shaking  and  ground 
movements,  even  under  reservoir  storage  conditions,  are  included  in  the 
embankment  design.  These  defensive  design  measures  include: 

a.  Selecting  an  adequate  freeboard  to  prevent  overtopping  due  to 
crest  settlement,  uplift  of  reservoir  bottom,  or  waves  generated 
by  seismic  activity  and  landslides. 

b.  Using  a  zoned  embankment  section  which  includes  a  wide, 
deformable  central  core  with  well-compacted,  free-draining 
upstream  and  downstream  shells  and  transition  and  filter  zones 
to  preclude  piping  due  to  cracking. 

c.  Providing  a  well  prepared  foundation-embankment  contact  to 
reduce  seepage. 

d.  Increasing  the  core  width  at  the  abutment  contacts. 

e.  Using  a  wide  and  suitable  armored  crest  to  prevent  erosion  if 
overtopped . 

f.  Providing  a  conservatively  designed  outlet  discharge  capacity 
for  lowering  the  reservoir  quickly. 

EMBUIDffiMT  SECTI OR 

10-10  The  embankment  section  presented  in  this  GDM  is  designed  to 
produce  a  conservatively  safe  dam  while  utilizing  the  materials 
available  at  the  site  in  the  most  cost  effective  manner.  Internal 
zonation  materials  and  slopes  are  based  on  assumed  material  properties 
and  quantities  in  the  case  of  materials  from  the  spillway  and  drainage 
channel  excavations,  and  are  subject  to  substantial  refinement  after 
completion  of  the  test  excavation  and  test  fill  on  these  materials 
during  the  FDM  study  phase.  A  finite  element  analysis  of  the  embankment 
during  the  FDM  phase  will  also  be  used  to  refine  the  section. 

Zonation 

10-11  Embankment  zoning  for  Seven  Oaks  Dam  provides  resistance  to 
concentrated  leaks  by  placing  high  strength  and  erosion  resistant 
materials  at  the  outer  shells.  A  relatively  deformable  impervious  core 
and  well-graded,  cohesionless  filter  and  transition  zones  are  designed 
to  be  effective  in  sealing  internal  cracks  which  may  develop  due  to 
differential  settlement  or  earthquake  induced  movement.  The  outer 
shells  of  free-draining  sands,  gravels  and  rockfill  are  designed  with 
relatively  flat  slopes  to  provide  stability  during  an  earthquake. 
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10-12  A  typical  section  of  the  proposed  embankment  is  shown  on 
plate  A-80.  The  dam  would  be  approximately  550  feet  high  from  streambed 
to  crest,  with  a  crest  length  of  3,100  feet.  The  crest  would  be  40  feet 
wide  and  both  upstream  and  downstream  slopes  would  be  IV  on  2H.  Because 
the  surficial  streambed  deposits  are  not  as  dense  as  the  underlying 
materials,  the  top  20  feet  of  alluvium  under  the  entire  embankment  would 
be  removed.  Within  a  zone  defined  by  a  IV  on  1H  line  from  the  crest, 
both  upstream  and  downstream,  the  alluvium  would  be  removed  to 
bedrock.  This  would  provide  a  stable  central  portion  of  the  dam  even 
under  the  most  severe  seismic  shaking  that  can  be  expected.  Except  for 
the  top  20  feet,  the  alluvium  under  the  toes  would  be  left  in  place 
because,  below  20  feet,  geophysical  data  indicate  the  streambed 
materials  to  be  nearly  as  dense  as  modern  construction  methods  could 
make  them  if  they  were  removed  and  replaced.  Additionally,  the  time  and 
cost  of  excavating  and  backfilling  the  foundation  would  be  reduced. 

Even  though  some  minor  sloughing  of  shell  materials  could  occur  during 
the  highly  unlikely  event  that  the  remaining  streambed  alluvium  were  to 
experience  significant  strength  loss  during  a  great  earthquake,  the  dam 
would  still  be  safe  with  this  configuration. 

10-13  The  impervious  central  core  would  extend  from  bedrock  to  within 
10  feet  of  the  crest  of  the  dam.  The  top  width  would  be  16  feet  and  the 
base  width  would  be  approximately  one-third  of  the  maximum  hydrostatic 
head.  The  core  would  be  flanked  by  upstream  and  downstream  filter  zones 
composed  of  minus  3-inch  alluvial  materials  processed  from  the 
downstream  pervious  borrow  area  or  from  the  foundation  excavation.  The 
upstream  transition  would  consist  of  free-draining  minus  12-inch 
alluvial  materials  processed  from  the  downstream  pervious  borrow  area, 
with  an  outer  layer  of  oversize  stone.  The  downstream  transition  zone 
would  consist  of  unprocessed  rock  excavated  from  the  spillway  and 
Government  Canyon  Ridge,  with  an  outer  layer  of  erosion  resistant 
oversize  stone  from  the  pervious  borrow  area. 

Cofferdam 

10-14  A  cofferdam  will  be  constructed  as  a  permanent  part  of  the 
embankment  at  the  upstream  toe  of  the  dam  to  divert  surface  flows  into 
the  outlet  tunnel.  For  estimating  purposes,  it  is  assumed  that  a  slurry 
trench  and  wells  or  sumps  would  be  used  to  control  the  flow  of 
groundwater  through  the  site  during  excavation  and  preparation  of  the 
foundation.  The  cofferdam  would  be  50  feet  high  with  a  20-foot  wide 
crest,  a  IV  on  2H  upstream  slope  and  a  IV  on  1.5H  downstream  slope.  It 
would  be  constructed  of  minus  12-inch  streambed  alluvial  materials,  with 
a  temporary  impervious  blanket  on  the  upstream  slope  to  prevent  seepage 
of  water  impounded  behind  it  and  an  oversize  stone  downstream  slope  to 
reduce  erosion  if  overtopped.  After  the  main  embankment  is  raised  to 
the  elevation  of  the  cofferdam,  the  temporary  impervious  layer  will  be 
removed  and  replaced  with  rock  shell  materials  for  erosion  protection. 

Slurry  Trench  Cutoff 

10-15  The  slurry  trench  will  be  excavated  upstream  of  the  toe  in  a 
location  that  minimizes  interference  with  the  embankment  and  the 
diversion  channel.  This  location  also  reduces  the  required  volume  of 
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the  slurry  trench.  It  will  be  connected  to  the  impervious  blanket  on 
the  cofferdam  with  a  horizontal  blanket  of  impervious  material,  and  will 
(  be  combined  with  a  line  of  wells  across  the  upstream  and  downstream 

slopes  of  the  foundation  excavation  trench,  and  a  collector  trench 
located  along  the  toe  of  each  abutment.  The  purpose  of  the  slurry 
trench  is  to  cut  off  the  flow  of  groundwater  through  the  foundation. 

The  purpose  of  the  wells  on  the  upstream  slope  of  the  foundation 
excavation  is  to  collect  the  groundwater  that  is  not  cut  off  by  the 
slurry  trench.  The  purpose  of  the  wells  on  the  downstream  slope  of  the 
foundation  excavation  is  to  collect  the  groundwater  flowing  into  the 
foundation  area  from  downstream.  The  purpose  of  the  collector  trenches 
along  the  toes  of  the  abutments  is  to  collect  groundwater  seeping 
through  the  rock  into  the  foundation  area. 

SLOPE  STABILITY 

10-16  For  this  GDM,  the  stability  of  Seven  Oaks  Dam  was  analyzed  for 
static  loading  conditions  in  accordance  with  EM  1110-2-1902,  and  for 
limited  displacement  criteria.  The  methods  of  analysis  and  the  results 
are  described  in  the  following  paragraphs.  The  information  from  this 
initial  analysis  is  preliminary  in  nature  and  subject  to  detailed  study 
during  the  development  of  the  Embankment  FDM.  Additional  dynamic 
analyses  will  be  conducted  for  the  FDM  in  order  to  assess  the  seismic 
performance  of  the  embankment. 

Static 

10-17  Slope  stability  analyses  were  performed  for  several  cases  of 
static  loading  conditions  in  general  accordance  with  EM  1110-2-1902, 
"Engineering  and  Design,  Stability  of  Earth  and  Rockfill  Dams,"  dated 
April  1,  1970.  The  UTEXAS2  computer  program  was  used  in  conjunction 
with  graphical  studies  to  locate  potentially  critical  surfaces  of  sliding 
in  the  embankment,  and  to  confirm  the  results  of  manual  calculations. 

The  manual  solutions  utilized  general  force  equilibrium  equations  for 
non-circular  sliding  surfaces  as  outlined  by  Duncan  and  Buchignani  in  "An 
Engineering  Manual  For  Slope  Stability  Studies."  The  UTEXAS2  computer 
program  utilized  Spencer’s  procedure  (1967)  in  a  force  and  moment 
equilibrium  solution  for  non-circular  surfaces  of  sliding.  The  computer 
calculated  results  of  the  cases  that  were  analyzed  are  shown  below  in 
table  A-56  and  presented  graphically  on  plates  A-8 2  through  A-89. 


Table  A-56.  Computed  Safety  Factors  for  Static  Loading. 


f 


Loading  Condition 

Computed  FS 

Minimum 
Allowable  FS 

End  of  Construction  (upstream)  . 

?  11 

.  1.3 

End  of  Construction  (downstreaml  . . 

1 

.  1.3 

Sudden  Drawdown  (from  may.  pool)  . 

?-  3 

.  1.0 

Partial  Pool  . 

7  i 

.  1.5 

Steady  Seepage  (with  max.  storage  pool) 

*>  i 

.  1.5 
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10-18  The  design  assumptions  and  methods  of  analysis  for  each  of  the 
loading  conditions  are  discussed  in  more  detail  in  the  following 
paragraphs. 

End  of  Construction 

10-19  This  case  represents  a  short-term  loading  condition  which 
evaluates  the  effects  of  pore  pressure  on  the  undrained  shear  strength 
of  soil.  The  development  of  pore  pressures  in  a  compacted  cohesive  soil 
depends  primarily  on  the  placement  water  content,  density,  and  applied 
total  stresses.  Instrumentation  will  be  installed  to  monitor  pore 
pressures  and  the  rate  of  placement  of  embankment  materials  will  be 
regulated,  especially  within  the  core  zone,  to  maintain  embankment 
stability  and  to  limit  development  of  excess  pore  pressures.  Given  the 
types  of  materials  to  be  placed,  the  range  of  moisture  contents  to  be 
specified  for  placement,  the  construction  period,  and  the  climatic 
conditions  at  the  project  site,  it  is  highly  improbable  that  excessive 
pore  water  pressures  would  develop  in  any  of  the  embankment  zones. 

Total  stress  strength  parameters  were  used  in  this  analysis,  the  results 
of  which  indicate  safety  factors  of  2.4  for  the  upstream  3lope  and  2.1 
for  the  downstream  slope. 

Sudden  Drawdown 


10-20  During  this  loading  condition,  it  is  assumed  that  the  upstream 
embankment  is  completely  saturated  at  a  maximum  pool  elevation  and  then 
subjected  to  a  rapid  draw  down  in  pool  elevation.  The  upstream  slope  is 
then  analyzed  with  an  elevated  phreatic  surface.  The  embankment 
materials  are  generally  free  draining  thereby  avoiding  a  build  up  of 
excess  pore  pressure  and  unbalanced  seepage  forces.  Drained  shear 
strengths  were  used  for  all  of  the  embankment  zone  materials  except  for 
the  core  zone  which  was  defined  by  a  combined  "R"  and  "S"  shear  strength 
envelope  (for  conditions  of  high  normal  stresses,  the  "R"  shear  strength 
envelope  was  used).  The  water  surface  profile  shown  on  plate  A-87  has 
very  little  effect  on  the  critical  sliding  surface.  These  parameters 
produced  a  safety  factor  of  2.3  for  the  sudden  drawdown  condition. 

Partial  Pool 

10-21  The  partial  pool  analysis  of  the  upstream  slope  consisted  of  a 
search  for  the  lowest  factor  of  safety  at  different  pool  elevations. 
These  pool  elevations  were  considered  tc  be  at  equilibrium  with  a  steady 
seepage  phreatic  surface.  The  embankment  materials  strengths  were 
defined  by  "S"  shear  strength  envelopes  with  the  exception  of  the  finer 
grained  core  material  which  was  defined  by  a  "(R  +  S)/2"  shear  strength 
envelope.  A  pool  elevation  of  2,355  ft.  was  determined  to  be  most 
critical  with  a  safety  factor  of  2.1  for  the  upstream  slope.  The 
critical  sliding  surface  is  shown  on  plate  A-88. 

Steady  Seepage 

10-22  Analysis  of  the  downstream  slope  for  the  steady  seepage  condition 
with  a  maximum  storage  pool  elevation  was  determined  to  be  the  same  as 
the  end  of  construction  case  since  seepage  forces  were  not  present  along 
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the  critical  sliding  surface.  The  free  draining  materials  used  in  the 
embankment  and  the  low  phreatic  surface  indicate  that  seepage  forces  do 
not  effect  the  stability  of  the  slope  and  the  computed  factor  of  safety 
of  2.1  is  considered  applicable  for  this  case. 

Earthquake 

10-23  The  project  is  located  within  Zone  4  of  the  Seismic  Risk  Zone 
Map,  having  a  recommended  seismic  coefficient  of  0.15.  The  seismic 
force,  developed  from  the  weight  of  the  moving  body,  is  a  lateral  load 
acting  in  the  direction  of  the  potential  sliding.  Although  the  seismic 
coefficient  method  prescribed  in  EM  1110-2-1902  is  not  intended  to  be  a 
definitive  evaluation  of  a  high  embankment  located  in  a  highly  seismic 
area,  such  as  Seven  Oaks  Dam,  limited  time  and  funds  for  this  GDM 
dictated  that  the  analyses  be  performed  as  a  preliminary  check  on 
seismic  stability.  The  results  are  presented  here  for  comparison  with 
similar  analyses  on  other  projects  only.  Detailed  dynamic  response  and 
permanent  deformation  analyses,  as  described  later,  will  be  conducted  in 
the  FDM  study  phase  when  funds  and  dynamic  test  results  are  available. 
Pseudo-static  slope  stability  analyses  were  performed  for  the  following 
cases;  End  of  Construction  (upstream  and  downstream),  Partial  Pool 
(upstream),  and  Steady  Seepage  (downstream)  with  phreatic  surface  based 
on  a  maximum  pool  elevation.  Strength  parameters  and  soil  properties 
for  seismic  analyses  remained  the  same  as  the  non-seismic  evaluations. 
Factors  of  safety  for  seismic  analyses  are  listed  below,  and  are  also 
shown  on  plates  A-84,  A-86  and  A-89  with  the  subscript  "Q"  to  designate 
the  earthquake  loading. 


Table  A-57.  Computed  Safety  Factors  for  Seismic  Loading. 


Loading  Condition 

Computed  FS 

Minimum 
Allowable  FS 

End  of  Construction  (Upstream)  . 

1  9 

.  1.0 

End  of  Construction  (Downstream)  ....... 

1  5 

.  1.0 

Partial  Pool  . . 

...  1.4  _ 

.  1.0 

Steady  Seepage  (with  max.  storage  pool) 

.  1.0 

Finite  Element  Method  Analysis 

10-24  The  behavior  of  an  earth/rockfill 

dam  during  an 

earthquake  is 

significantly  influenced  by  the  static  stress  conditions  existing  in  the 
embankment  and  foundation  prior  to  the  earthquake  event.  During  the  FDM 
study  phase,  the  proposed  embankment  will  be  analyzed  using  a  finite 
element  method  computer  program  to  determine  the  pre-earthquake  stress 
distribution  (vertical,  horizontal,  and  shear)  within  the  embankment  and 
foundation.  Stresses  and  displacements  in  the  embankment  cross  section 
due  to  gravity  loads  and  seepage  forces  will  be  determined  through  a 
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sequence  of  steps  that  simulate  construction  and  reservoir  filling. 
Reservoir  effects  will  be  simulated  for  end  of  construction,  intermediate 
storage,  and  spillway  crest  conditions.  The  results  of  the  analysis  will 
be  used  in  the  dynamic  seismic  stability  analyses  and  as  a  basis  for  the 
development  of  an  instrumentation  plan  for  the  dam.  Instruments  that 
measure  earth  movements  will  be  located  in  areas  within  the  embankment 
where  the  analyses  indicates  that  differential  movements  between  zones  of 
different  materials  may  occur. 

Dynamic 

10-25  The  principal  purpose  for  performing  dynamic  response  analyses  is 
to  calculate  the  dynamic  shear  stresses  in  the  embankment  that  would  be 
induced  by  a  large  earthquake.  The  analysis  of  Seven  Oaks  Dam  under 
dynamic  loading  conditions  will  consist  of  evaluating  the  embankment 
response  to  a  maximum  credible  earthquake  event  under  dry  and 
intermediate  storage  reservoir  conditions  and  to  a  maximum  probable 
earthquake  event  under  spillway  crest  condition.  The  second  purpose  is 
to  perform  permanent  deformation  analyses.  During  the  FDM  phase,  these 
analyses  will  be  performed  as  described  in  the  following  paragraphs. 

Finite  Element  Method  Analysis 

10-26  The  stability  of  Seven  Oaks  Dam  under  earthquake  loading  will  be 
evaluated  during  the  FEW  study  phase  using  a  dynamic  analysis  procedure 
developed  by  Seed,  Lee,  and  Idriss  (1969).  This  procedure  (Seed,  1973) 
involves  the  following  steps: 

1.  Use  static  finite  element  computer  program  to  calculate  the 
intial  stress  conditions  in  the  embankment  and  foundation  prior 
to  the  earthquake  event. 

2.  Determine  the  characteristics  of  the  motion  developed  in  the 
rock  underlying  the  embankment  and  its  foundation  during  the 
earthquake. 

3.  Use  dynamic  finite  element  computer  program  to  compute  the 
response  of  the  embankment  and  foundation  to  the  base  motion,  to 
determine  the  earthquake- induced  stresses  throughout. 

4.  Determine  the  effects  of  the  earthquake-induced  stresses  on  soil 
elements  in  the  embankment  by  subjecting  representative  soils 
samples  to  cyclic  loading. 

5.  Evaluate  the  overall  deformation  and  stability  of  the  embankment 
and  foundation  from  the  knowledge  of  the  potential  deformation 
of  the  individual  elements  determined  in  step  (4). 

The  embankment  and  foundation  conditions  will  be  modeled  using  the 
information  obtained  from  design  and  test  fill  investigations.  Dynamic 
properties  will  be  based  on  laboratory  cyclic  shear  tests  and 
geophysical  field  testing.  An  idealized  section  using  conservative 
assumptions  will  be  used  to  model  the  dam. 


A-X-8 


Permanent  Deformation  Analyses 


10-27  Due  to  the  limitations  inherent  in  a  pseudo-static  slope 
stability  analysis  to  quantitatively  predict  the  performance  of  an 
embankment  during  an  earthquake,  a  simplified  analysis  was  conducted  to 
estimate  the  permanent  earthquake-induced  deformation.  This  simplified 
method  is  based  on  the  dynamic  displacement  analysis  procedure 
originally  proposed  by  Newoark  (1963)  and  subsequently  modified  by  other 
investigators  such  as  Hakdisi  and  Seed  (1977)  to  incorporate  knowledge 
of  the  dynamic  response  of  embankments  and  the  strain  dependent, 
non-linear  behavior  of  soils  during  cyclic  loading.  The  procedure 
assumes  that  sliding  occurs  along  a  well  defined  plane  and  that  the  soil 
behaves  elastically  below  a  yield  stress  level  and  plastically  above. 

The  procedure  has  been  recommended  by  the  Committee  on  Earthquakes  of 
the  International  Commission  on  Large  Dams  (ICOLD,  1975)  and  has  been 
used  in  the  design  of  many  large  dams  around  the  world.  The  ability  of 
this  method  to  predict  the  permanent  displacements  due  to  earthquake 
shaking  for  a  very  large  dam  in  a  highly  seismic  environment  i3  not 
known  with  a  high  level  of  certainty  due  to  the  relative  lack  of 
information  concerning  such  a  combination  of  factors.  However,  for  the 
limited  scope  of  this  GDM,  the  method  may  be  considered  to  reasonably 
approximate  the  potential  deformations  and,  thus,  form  a  preliminary 
basis  to  evaluate  the  relative  significance  of  3uch  an  event  on  the 
performance  of  the  dam. 

10-28  The  permanent  displacement  of  an  embankment  is  primarily 
influenced  by  its  first  natural  period  and  the  maximum  horizontal 
acceleration  applied  at  the  embankment  base.  The  first  natural  period 
of  the  embankment  was  estimated  using  the  procedure  proposed  by  Makdisi 
and  Seed  (1977). 

10-29  Maximum  ground  surface  accelerations  were  determined  using  the 
computer  program  SHAKE,  developed  in  1972  by  Schnabel,  Lysmer,  and  Seed, 
University  of  California,  Berkeley.  The  SHAKE  computer  program  computes 
the  response  of  one-dimensional  horizontal  soil  deposits  to  base  rock 
motion.  The  program  uses  wave  propagation  theory  and  incorporates 
nonlinear  soil  behavior,  the  effect  of  the  elasticity  of  the  base  rock 
and  systems  with  variable  damping.  Using  the  SHAKE  model,  maximum 
ground  surface  (i.e.,  existing  streambed  elevation)  accelerations  of 
1.25g  were  calculated  for  the  maximum  credible  earthquake  event  given 
base  rock  motions  with  maximum  horizontal  acceleration  of  0.7g. 

10-30  From  the  conservative  maximum  ground  surface  acceleration  of 
1.25g  at  the  base  of  the  dam,  an  average  acceleration  value  of  0.83g  for 
the  critical  sliding  mass  in  the  embankment  was  determined  using  a 
procedure  proposed  by  Makdisi  and  Seed  (1977).  A  yield  acceleration 
value  of  0.5g  for  the  critical  sliding  mass  was  determined  using  a 
static,  limit  equilibrium  solution  defined  by  Spencer's  procedure  as 
employed  in  the  UTEXAS2  computer  program.  Using  these  parameters  the 
estimated  permanent  displacements  induced  by  the  design  earthquake 
ranged  from  1.6  to  2.7  feet.  Deformations  of  this  magnitude  would  not 
significantly  effect  the  performance  of  Seven  Oaks  Dam  which  is  a  flood 
(  control  dam  and  has  an  inordinate  amount  of  freeboard,  even  under  SPF  or 

spillway  flow  conditions. 


A-X-9 


r 


10-31  A  recent  Waterways  Experiment  Station  report  entitled 
"Rationalizing  the  Seismic  Coefficient  Method",  (WES  Miscellaneous  Paper 
GL-84-13)  established  a  procedure  based  upon  a  review  of  the  pseudo-static 
and  dynamic  displacement  methods  which  proposes  the  use  of  the 
pseudo-static  analysis  to  determine  the  necessity  for  a  detailed  dynamic 
displacement  analysis.  This  procedure  recommends  the  use  of  a  seismic 
coefficient  equal  to  one-half  the  predicted  peak  bedrock  acceleration 
and  a  20  percent  reduction  in  the  soil  shear  strengths.  If  the  required 
minimum  allowable  factor  of  safety  of  1.0  is  satisfied,  the  procedure 
suggests  that  permanent  deformations  will  be  minor  and  that  a  detailed 
dynamic  displacement  analysis  need  not  be  performed.  Following  the  WES 
procedure,  the  calculated  factors  of  safety  for  the  end-of-construction 
condition  with  earthquake  loading  were  determined  and  are  presented 
below  in  table  A-58.  As  previously  mentioned  for  the  dynamic 
displacement  analysis,  the  applicability  of  this  procedure  to  a  highly 
seismic  area  is  not  known  with  great  certainty  and  is  included  here  only 
for  informational  purposes.  Detailed  dynamic  response  and  permanent 
deformation  analyses,  as  previously  discussed,  will  be  conducted  during 
the  FDM  study  phase  to  satisfy  the  requirements  of  ER  1110-2-1806. 


Table  A-58.  Computed  Safety  Factors  for  Seismic  Loading  Based 


on 

WES  Procedure 

(WES  Misc.  Paper 

GL-84-13). 

Loading  Condition 

Computed  FS 
(IV  on  2H ) 

Minimum 
Allowable  FS 

End  of  Construction 

(upstream)  ... 

.  1.0 

End  of  Construction 

(downstream)  , 

SETTLEMENT 

10-32  Consolidation  test  results,  performed  in  accordance  with 
EM  1 1 10—2— 1 906  on  impervious  borrow  materials  compacted  to  98  percent  of 
maximum  density  (ASTM  D  698),  were  chosen  to  represent  the  settlement 
characteristics  of  the  impervious  core  when  compacted  using  the  proposed 
construction  procedures.  The  amount  of  settlement  was  calculated  over 
the  range  of  water  contents  to  be  specified  to  give  a  range  of  probable 
values. 

Total  Settlement 

10-33  Total  settlement  of  the  embankment  was  calculated  for  the 
impervious  core  at  the  maximum  section  in  order  to  determine  the  largest 
expected  settlement.  Due  to  the  extreme  height  of  the  dam,  it  was 
recognized  that  a  straight  line  triangular  distribution  of  vertical 
pressure  would  not  accurately  represent  the  effective  pressures  used  to 
calculate  the  settlement  within  the  core  of  the  embankment.  Instead, 
charts  developed  by  Perloff  (see  pi.  A-91),  giving  influence  diagrams 
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for  vertical  normal  stress  along  selected  sections  (u  =  0.3,  ot  =  30, 

I  L/H  :«)  were  used  in  the  settlement  calculations.  The  total  settlement 

^  of  the  maximum  embankment  core  zone  at  optimum  water  content  and  at 

optimum  plus  3  percent  water  content  was  calculated  to  be  approximately 
20  feet,  of  which  18  feet  would  occur  during  construction.  Based  on 
relationships  between  predicted  and  measured  settlements  at  other  large 
dams,  however,  the  actual  settlement  is  expected  to  be  much  less  than 
20  feet. 

10-34  Post-construction  settlement  of  the  embankment  core  zone  was 
estimated  to  be  about  2  feet.  Due  to  the  length  of  the  construction 
period,  most  of  the  settlement  in  the  core  zone  (approximately  95  percent) 
occurs  during  construction.  The  calculated  settlement  of  the  impervious 
central  core  is  shown  graphically  on  plate  A-91. 

10-35  The  filter,  transition  and  shell  zones  would  consist  of  granular 
materials.  Settlement  in  granular  materials  would  be  less  than  for  the 
impervious  core  materials  and  is  also  assumed  to  occur  during 
construction. 

Differential  Settlement 

10-36  Differential  settlement  between  the  impervious  core  and  filter 
zones  will  occur  because  of  the  different  consolidation  characteristics 
of  the  two  materials  and  the  height  of  the  dam.  Horizontal  cracks  in 
the  core  zone  are  thus  a  possibility.  The  extent  of  cracking  and  actual 
differential  settlement  is  expected  to  be  relatively  small,  however, 
because  (a)  the  core  will  be  well  compacted,  (b)  high  overburden 
stresses  will  tend  to  close  cracks  in  all  but  the  upper  portions  of  the 
dam,  (c)  the  6V  on  1H  outer  slopes  of  the  core  zone  combined  with  the 
cohesionless  filter  materials  will  tend  to  move  together  instead  of 
separating,  and  (d)  the  relatively  wide  core  will  preclude  continuous 
horizontal  crack3.  The  potential  for  differential  settlements  between 
the  impervious  central  core  materials  and  the  materials  of  the  adjacent 
filter  zones  will  be  evaluated  using  static  finite  element  analysis 
during  the  FDM  study  phase.  In  addition,  the  variability  of  the 
abutment  slopes  and  the  effects  of  abutment  shaping  within  the  core 
contact  area  will  be  evaluated. 

Foundation 

10-37  To  assure  a  dense  embankment  foundation,  the  top  20  feet  of 
alluvium  would  be  removed  prior  to  construction  of  the  embankment  and 
then  replaced  and  compacted  as  dense  as  practicable.  The  materials 
below  about  20  feet  are  very  dense.  Settlement  of  these  materials  would 
occur  during  construction  with  minimal  post-construction  or  differential 
settlement  occurring  thereafter. 

SEEPAGE 

10-38  Seepage  through  Seven  Oaks  Dam  was  estimated  according  to  the 
principles  in  EM  1110-2-1901,  "Seepage  Analysis  and  Control  for  Dams". 

(  The  results  of  the  seepage  analysis  are  presented  on  plates  A-92  through 

A-95,  and  discussed  in  the  following  paragraphs. 
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10-39  Two  reservoir  levels  and  two  embankment  conditions  were  analyzed 
to  evaluate  three  possible  cases  of  seepage  in  the  embankment.  The 
three  cases  analyzed  are  as  follows: 

Case  I.  Steady-State  Seepage  with  the  Reservoir  Pool  at  Spillway 
Crest  Elevation  (Intact  Core) 

Case  II.  Steady-State  Seepage  with  the  Reservoir  Pool  at  Spillway 
Crest  Elevation  (Cracked  Core) 

Case  III.  Steady-State  Seepage  with  the  Reservoir  at  Debris  Pool 
Elevation 

10-40  These  analyses  are  conducted  for  academic  considerations  of 
possible  emergency  situations  or  future  water  storage  conditions.  Cases 
I  and  II  represent  emergency  situations  which  are  assumed  to  develop 
unler  the  extremely  improbable  occurrence  of  a  maximum  probable  flood 
during  which  the  outlet  works  become  inoperable.  Case  III  models  a 
possible  future  storage  condition  designed  to  prevent  the  deposition  of 
sediments  and  debris  near  the  upstream  toe  of  the  dam  and  the  outlet 
works . 

10-41  The  hydraulic  conductivity  (permeability)  values  used  in  the 
seepage  analyses  were  conservatively  selected  based  on  laboratory  test 
results  and  experience  with  similar  materials  in  the  project  vicinity. 
Permeability  tests  performed  in  the  laboratory  measured  fluid  flow 
through  soil  samples  in  the  vertical  direction.  Effective  hydraulic 
conductivites  were  determined  using  assumed  relationships  between  the 
horizontal  and  vertical  flow  directions  appropriate  for  each  material 
type.  The  calculated  effective  hydraulic  conductivity  values  are 
presented  in  table  A-59.  Given  the  constraints  of  accurately  measuring 
the  hydraulic  conductivity  of  a  soil,  for  the  purpose  of  the  analysis, 
the  filter  and  both  transition  zone  materials  were  conservatively 
considered  as  a  single,  homogeneous  section  possessing  an  effective 
hydraulic  conductivity  of  70  ft/day.  The  hydraulic  characteristics  of 
the  downstream  transition  materials  will  be  further  investigated  during 
the  test  fill  contract  and  seepage  reevaluated  if  necessary  during  the 
FDM  study  phase.  The  zone  V  shell  materials  are  the  most  pervious 
materials  in  the  embankment  and  were  conservatively  assumed  not  to 
effect  seepage  through  the  embankment. 
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Table  A-59-  Effective  Hydraulic  Conductivity  Values. 


Material  Type 

Effective 

Hydraulic  Conductivity,  K' (ft/day) 

Zone  I  -  Core 

0.1 

Zone  II  -  Filter 

70.0 

Zone  III  -  Alluvial  Transition 

180.0 

Zone  IV  -  Downstream  Transition 

180.0 

Zone  V  -  Shell 

3,000.0 

Case  I:  Steady-State  Seepage  with  the  Reservoir  Pool  at  Spillway 
Crest  Elevation  (intact  Core) 

10-42  Seepage  through  the  embankment  is  designed  to  be  controlled  by 
the  zone  I  materials  and  is  not  expected  to  occur  under  the  proposed 
flood  control  operation  of  Seven  Oaks  Dam  due  to  the  relatively  short 
(less  than  13  days)  reservoir  pool  detention  time.  However,  to  obtain 
seepage  quantities  under  steady-state  conditions,  the  reservoir  pool  was 
assumed  to  be  maintained  at  the  spillway  crest  elevation  for  an 
indefinite  period  of  time.  The  estimated  seepage  quantity  for  the 
conditions  stated  above  was  determined  from  the  flow  net  shown  on 
plate  A-92.  It  is  estimated  that  for  a  maximum  section,  an  approximate 
seepage  quantity  of  290  ft^/day/foot  of  embankment  would  result  under 
the  assumed  conditions. 

Case  II:  Steady-State  Seepage  with  the  Reservoir  Pool  at  Spillway 
Crest  Elevation  (Cracked  Core) 


10-43  Given  the  improbable  conditions  that  the  reservoir  is  maintained 
at  spillway  crest  elevation  and  the  entire  core  zone  is  cracked, 
steady-state  seepage  would  be  established  in  the  embankment.  Under 
these  conditions,  the  cracks  in  the  core  zone  were  assumed  to  be  filled 
by  adjacent  materials  and  the  embankment,  with  the  exception  of  the 
outer  shell  materials,  was  thus  analyzed  as  a  homogeneous  section 
possessing  an  effective  hydraulic  conductivity  of  70  ft/day.  A  flow  net 
was  constructed  based  on  these  assumptions  in  order  to  estimate  seepage 
quantities,  seepage  forces,  and  the  location  of  the  discharge  water 
surface.  The  results  of  this  analysis  are  presented  on  plate  A-93- 

Case  III:  Seepage  with  the  Reservoir  at  Debris  Pool  Elevation 

10-44  As  previously  stated,  seepage  through  the  embankment  would  be 
controlled  by  the  zone  I  core  materials.  Should  the  reservoir  pool 
level  be  maintained  at  the  debris  pool  elevation,  more  than  13  days 
would  be  required  for  the  phreatic  surface  to  penetrate  the  core  zone 
and  develop  a  steady-state  seepage  condition.  Under  standard  project 
flood  operation,  impoundment  above  this  pool  elevation  would  last  for  a 
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period  of  about  8  days  and  thus,  steady-state  seepage  conditions  would 
not  be  established  at  any  higher  elevation.  However,  the  steady-state 
seepage  condition  was  assumed  to  exist  in  order  to  evaluate  seepage 
quantites,  seepage  forces,  and  the  location  of  the  discharge  water 
surface.  The  estimated  seepage  quantity  for  this  case  was  determined 
from  the  flow  net  shown  on  plate  A-94  to  be  about  35  ft^/day/foot  of 
embankment . 


Foundation 


10-45  Underseepage  at  the  proposed  embankment  would  be  relatively  small 
due  to  the  low  hydraulic  conductivity  characteristics  of  the  diorite  and 
gneiss  foundation  bedrock.  In  situ  hydraulic  conductivity  values  of  the 
foundation  rock,  as  measured  in  the  horizontal  direction  by  packer 
tests,  ranged  from  0.01  to  0.32  ft/day.  These  values  are  on  the  same 
order  of  magnitude  as  the  value  assumed  for  the  zone  I  core  materials. 
The  underseepage  would  likely  be  further  reduced  by  pressure  grouting 
the  bedrock  under  the  core  zone.  Zones  I  and  II  materials  would  be 
placed  directly  upon  the  cleaned  and  surface  treated  bedrock. 


10-46  Based  on  the  operation  plan,  which  would  maintain  a  debris  pool 
at  about  elevation  2,200,  the  quantity  of  underseepage  was  calculated  to 
be  on  the  order  of  25  ft^/day/foot  width  of  the  foundation  at  the 
maximum  section.  Since  standard  project  flood  operation  indicates  that 
water  would  be  impounded  above  the  debris  pool  elevation  for  only  about 
8  days,  a  significant  increase  in  the  steady  underseepage  is  not 
expected  to  occur. 


SLOPE  PROTECTION 


10-47  Slope  protection  for  erosion  and/or  wave  runup  on  both  the 
upstream  and  downstream  slopes  will  be  provided  by  the  outer  zone  of 
oversize  stone  that  is  processed  from  foundation  excavation  and  alluvial 
borrow  sources.  The  stone  in  this  layer  will  vary  from  12  to  30  inches 
in  diameter,  and,  to  utilize  the  amount  of  oversize  stone  that  is 
produced,  the  layer  thickness  will  vary  from  12  feet  at  the  top  of  the 
embankment  to  approximately  100  feet  at  the  downstream  toe  and  300  feet 
at  the  upstream  toe. 

10-48  Hydraulic  requirements  for  minimum  revetment  design  are  based 
generally  on  the  criteria  in  EM  1110-2-2300,  "Earth  and  Rock-Fill  Dams, 
General  Design  and  Construction  Considerations."  The  analysis  according 
to  Appendix  C  of  the  EM  indicates  that  two  zones  have  hydraulic 
requirements  for  riprap  based  on  estimates  of  wave  height  and  runup. 
These  are  summarized  in  table  A-60. 
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Table  A-60.  Minimum  Revetment  Design. 


Maximum 

Median 

Minimum 

Top 

Layer 

Stone 

Stone 

Stone 

Class 

Elev. 

Thickness 

Diameter 

Diameter 

Diameter 

(feet) 

(inches) 

(inches) 

(inches) 

(inches) 

I 

2,372 

36 

36 

23 

12 

II 

2,584 

27 

27 

17 

9 

10-49  Except  for  the  maximum  stone  diameter  for  class  I  riprap,  the 
criteria  shown  in  table  A-60  is  more  than  adequately  met  by  the  outer 
zone  of  oversize  shell  material.  Additional  stone  to  36  inch  diameter 
is  available  and  can  be  placed  in  the  outer  few  feet  of  the  shell  to 
meet  that  requirement. 


Spillway 


CUT-S.0PE  OOHFIQURATICJH 

10-50  The  spillway  cut-slopes  were  established  on  the  basis  of 
conservative  geotechnical  and  engineering  judgement.  Unoriented 
discontinuity  frequency  data  from  core  holes  drilled  for  the  Phase  II 
GDM  indicates  a  preference  for  60  degrees  dip  followed  by  40  and 
45  degrees.  Since  many  of  the  discontinuities  showed  indications  of 
shearing,  it  is  likely  that  if  the  orientation  of  the  fractures  are 
adverse  to  the  spillway  alignment,  the  cut  slopes  as  shown  could  be 
unstable.  It  is  felt,  however,  that  such  occurrences  will  be 
localized.  The  cut-slope  configuration  selected,  with  25-foot  wide 
benches,  50  foot  bench  height,  and  1V:0.5H  maximum  slopes,  will  allow 
for  flattening  of  the  slopes  if  necessary  during  FDM  design  or 
construction  without  significantly  affecting  the  volume  or  aerial  extent 
of  the  excavation.  Additional  work  during  the  Embankment  FDM  study 
phase,  including  video  borehole  surveys  and  detailed  surface 
discontinuity  mapping  will  allow  further  refinement  of  the  cut-slope 
design  prior  to  plans  and  specifications. 

DIVERT  SILL 

10-51  Even  though  there  is  only  a  remote  possibility  of  a  spillway  flow 
during  the  project  life,  the  spillway  invert  sill  was  moved  approximately 
300  feet  upstream  from  its  location  in  the  Phase  I  GDM  Supplement  to 
give  added  protection  against  headcutting  erosion  beginning  at  the 
downstream  end  of  the  spillway  channel.  In  addition,  the  sill  was 
increased  in  size.  The  10-foot  deep  sill  will  likely  require  controlled 
blasting  techniques  for  excavation.  Cut  slopes  in  the  trapezoidal 
shaped  excavation  will  be  IV  on  0.25H. 
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Drainage  Channel 


10-52  Because  of  the  relatively  narrow  bottom  width  (30  feet)  and  the 
somewhat  adverse  orientation  of  the  foliation  in  the  gneissic  rockmass 
(see  para.  VIII-30),  the  cut  slopes  in  the  drainage  channel  will  be 
flatter  than  in  the  spillway.  Slopes  will  be  IV  on  1H  with  15-foot  wide 
benches.  Slope  height  between  benches  will  be  75  feet.  The  slopes  as 
well  as  the  floor  of  the  excavation  will  be  unlined.  Slope  reinforcement 
or  stabilization  measures  will  be  utilized  on  an  as-needed  basis  during 
construction. 


Outlet  Works 


PORTALS 

10-53  The  outlet  works  will  include  large  control  structures  to  regulate 
the  flows  through  it.  Depending  on  the  final  location  of  the  control 
(inlet,  mid-tunnel  or  at  the  outlet  portal),  large  excavations  into  the 
bedrock  would  be  required.  All  concepts  include  a  200-foot-plus  high 
intake  tower  with  a  high  cut  at  the  inlet  portal.  The  outlet  portal 
will  also  require  a  cut  in  rock  at  least  two  tunnel  diameters  over  the 
tunnel.  See  Volume  1,  Appendix  B  for  details  of  the  three  control 
alternatives. 

Cut-Slope  Configuration 

10-54  At  the  inlet,  the  intake  tower  is  located  so  that  the  excavation 
subgrade  is  just  inside  the  alluvial/bedrock  contact  at  elevation  2,080. 
This  location  will  minimize  rock  excavation  both  in  the  floor  and  the 
portal  face.  Some  adjustment  may  be  necessary  in  the  Outlet  Works  FDM 
when  the  subsurface  bedrock  configuration  is  refined  and  also  to  allow 
for  a  gate  structure  if  upstream  control  is  selected.  Since  the  bedrock 
is  tight,  little  dewatering  is  anticipated  for  the  intake  foundation. 

The  portal  face  will  be  sloped  IV  on  0.25H  to  the  tower  subgrade.  The 
side  slopes  will  also  be  IV  on  0.25H  except  those  in  the  tower 
foundation  which  will  be  near  vertical.  Determination  of  the  portal 
contours  depends  on  better  resolution  of  the  ground  contours  and  the 
final  intake  design.  However,  should  the  cut  daylight  into  the  natural 
slope  above  more  than  three  tunnel  diameters  over  the  tunnel  entrance,  a 
20-foot  wide  bench  will  be  included.  At  the  outlet,  the  same  general 
design  features  as  at  the  inlet  will  apply.  The  colluvial  overburden 
would  be  completely  removed,  probably  down  to  the  top  of  the  exit 
channel.  A  20-foot  wide  bench  may  be  constructed  over  the  portal  to 
capture  stray  rock  falls  from  above. 

Slope  Reinforcement 

10-55  The  bedrock  at  both  portal  cuts  will  be  stabilized  where 
necessary  with  rock  bolts  and  wire  mesh  and  shotcrete.  Depending  on  the 
final  selected  design,  the  wire  mesh  and  shotcrete  may  be  substituted 
with  thicker  reinforced  concrete  at  either  portal.  A  tentative  rock 
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bolt  design  has  been  proposed  by  the  Portland  District  in  Volume  1, 
Appendix  B.  Adjustments  to  the  design  may  be  made  after  additional 
investigations  during  the  Outlet  Works  FDM  study  phase. 

Drains 

10-56  Because  the  bedrock  is  apparently  tight,  few  drains  will  be 
provided  into  the  rock  at  either  portal  face.  Inclusion  of  this 
feature,  however,  will  be  contingent  on  future  investigations. 

TUNNEL 

10-57  The  tunnel  will  be  approximately  1,700  feet  long  excavated 
totally  in  diorite  except  for  possibly  very  occasionally  gneissic  rock. 
The  gradient  will  be  approximately  3  percent,  dropping  from  an  elevation 
of  2,100  at  the  inlet  to  2,065  at  the  outlet.  Further  details  of  the 
tunnel  design  are  presented  in  Volume  1,  Appendix  B. 

Configuration 

10-58  The  general  tunnel  configuration  will  be  horseshoe  shaped 
regardless  if  an  isolated  metal  penstock  is  installed  for  downstream 
control.  In  this  case,  the  tunnel  would  be  smaller  and  used  solely  for 
diversion  during  construction  of  the  dam.  For  mid-tunnel  control,  a 
vertical  access  shaft  with  a  gate  chamber  would  be  constructed  in  an 
area  where  it  is  judged  that  larger  displacements  would  least  likely 
occur.  For  control  at  the  tunnel  inlet,  the  horseshoe  shaped  tunnel 
would  be  heightened  to  provide  space  for  an  overhead  access  gallery  from 
the  downstream  end. 

Support 

10-59  Regardless  of  the  tunnel  use,  it  will  be  fully  supported 
throughout  to  contain  the  blocky  and  seamy  rock.  Based  on  very  limited 
data,  it  is  anticipated  that  metal  supports  and  rock  bolts  will  be  used 
and  supplemented  with  a  concrete  lining.  For  mid-tunnel  control,  exotic 
support  may  be  required  in  the  gate  chamber  excavation. 

Temporary 


10-60  Because  of  the  very  blocky  and  seamy  rock  conditions,  the 
excavation  "stand-up  time"  will  be  relatively  short  and  support, 
consisting  of  H-shaped  metal  ribs,  will  be  installed  contemporaneous 
with  the  excavation.  Based  on  the  experience  with  the  tunnel  at  Mojave 
Dam  on  the  opposite  side  of  the  San  Bernardino  Mountains  and  in  very 
similar  rock,  rib  spacing  will  likely  average  4  feet.  The  ribs  will  be 
tied  together  with  spacer  rods  and  blocked.  Rock  bolts  and  shotcrete 
will  be  added  where  necessary  for  additional  support. 
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Permanent 


10-61  To  allow  for  smooth  flow  during  diversion  and  for  additional 
support,  the  tunnel  will  be  fully  lined  with  concrete  and  critical  areas 
in  the  upstream  portion  will  be  reinforced.  Following  placement  of  the 
lining,  voids  remaining  between  the  lining  and  the  rock  in  the  crown 
will  be  backfilled  by  contact  grouting. 

Rupture 

10-62  Given  the  hypothesis  that  a  maximum  4  feet  of  displacement  has  to 
be  considered  on  one  shear  crossing  the  outlet,  the  tunnel  needs  to  be 
designed  to  accommodate  this  4  feet  without  affecting  the  stability  or 
safety  of  the  dam  and  still  be  able  to  drain  the  pool  for  repairs.  If 
that  displacement,  or  near  to  it,  should  occur  on  a  single  plane,  that 
plane  would  be  a  significant  shear  already  in  existence.  Although  a 
number  of  these  planes  could  exist,  they  should  be  identifiable.  In  the 
tunnel  support,  the  design  could  be  adjusted  so  that  the  tunnel  could 
rupture  without  materially  damaging  the  support  or  lining.  This  could 
be  accomplished  by  methods  such  as  slip  joints  or  un-keyed  construction 
joints  in  the  lining.  However,  any  displacement  would  likely  be 
distributed  unequally  among  shears  of  all  sizes  including  those  only  a 
hair  wide  and  several  inches  apart.  Therefore,  the  displacement 
literally  could  occur  along  any  number  of  planes  of  weakness  and  in  any 
amount  up  to  a  cumulative  total  not  to  exceed  4  feet  through  the  site. 

Consolidation  Grouting 

10-63  It  is  possible  that,  at  time  of  high  pools,  water  may  enter  the 
ridge  above  the  tunnel  and  impose  a  hydrostatic  loading  on  the  tunnel 
even  though  the  bedrock  appears  to  be  tight.  The  loading  would  be  most 
critical  upstream  of  the  dam  centerline.  In  order  to  reduce  the  loading 
potential,  grout  rings  and  drains  will  be  installed.  Grout  rings  will 
consist  of  holes  drilled  20  feet  into  rock,  or  to  the  dam  grout  curtain, 
where  applicable.  The  holes  will  be  located  fully  around  the  tunnel  in 
a  "fan"  pattern  30  degrees  apart  (12  holes).  The  number  and  locations 
of  the  rings  will  be  determined  during  the  FDM  design.  Drains  will  be 
3-inch  diameter  holes  drilled  20  feet  into  rock  and  spaced  10  feet  apart 
along  the  upstream  side  of  the  dam  axis. 

CHAMMELS  AMD  EHERCT  DI SSI PAT OR 

10-64  The  approach  channel  will  be  relatively  long  compared  with  the 
exit  channel  and  energy  dissipator  (plunge  pool).  The  approach  is 
designed  to  approximate  the  natural  local  gradient  of  the  Santa  Ana 
River. 

Coo  figuration 

10-65  Most  of  the  approach  channel  will  be  excavated  through  alluvium 
where  the  cut  slopes  will  be  IV  on  2H.  It  is  anticipated  that  more 
natural  slopes  will  develop  during  initial  floodflows.  For  the  exit 
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channel,  however,  even  though  it  will  also  be  excavated  through 
alluvium,  the  slopes  can  be  steeper  since  they  will  be  backfilled  once 
the  channel  walls  are  constructed.  Part  of  the  outlet  channel  adjacent 
to  the  tunnel  will  be  excavated  through  bedrock,  in  which  case  the  cut 
slopes  will  be  near  vertical.  The  side  slopes  of  the  energy  dissipator, 
also  in  alluvium,  will  be  excavated  IV  on  2H. 

Slope  Protect!  go 

10-66  At  this  time,  it  is  anticipated  that  the  inlet  channel  will  be 
unprotected  and  that  the  outlet  channel  will  be  concrete  lined.  The 
energy  dissipator,  however,  will  be  armored  with  oversize  boulders  from 
the  streambed  alluvium.  Eased  on  the  experience  with  the  plunge  pool  at 
Mojave  River  Dam,  the  excavated  slopes  will  be  covered  with  stones  of 
adequate  size  to  withstand  the  design  maximum  and  lesser  flows. 


Summary 

10-67  Based  on  the  limited  investigations,  testing  and  analysis  to 
date,  the  foundation  conditions,  construction  materials  and  embankment 
design  of  Seven  Oaks  Dam  appear  suitable  for  the  intended  purpose  of 
flood  control  on  the  Santa  Ana  River.  Additional  subsurface 
investigations  of  the  foundation,  abutments  and  spillway  will  be 
performed  as  described  in  paragraphs  5-62  through  5-71  to  verify 
conditions  presented  in  this  GDM.  Video  borehole  cameras  will  be  used 
in  test  holes  drilled  in  the  spillway  to  attempt  to  determine  fracture 
and  joint  patterns  that  could  affect  the  slope  design  of  the  excavated 
spillway.  The  engineering  properties  of  construction  materials  for  the 
dynamic  analysis  of  the  embankment  will  be  determined  with  additional 
static  and  dynamic  laboratory  tests  as  shown  in  table  A-55,  page  A-IX-6. 
Preliminary  static  stability  analyses,  though  not  conclusive,  do  not 
indicate  potential  static  instability.  A  state-of-the-art  dynamic 
response  and  permanent  deformation  analysis  will  be  conducted  during  the 
FDM  study  phase,  as  described  in  paragraphs  10-24  through  10-26,  in 
order  to  predict  the  performance  of  the  dam  during  expected  seismic 
activity. 
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H.  CONSTRUCTION  MATERIALS 


Embankment  Materials 


11-01  Materials  required  for  construction  of  Seven  Oaks  Dam  are 
available  from  required  excavation  and  borrow  areas  in  the  vicinity  of 
the  dam  as  described  below.  The  estimated  quantities  and  distribution 
of  materials  from  each  source,  including  waste,  are  shown  on  plate  A-99. 


CORE 


11-02  An  estimated  4,633,000  yd^  of  impervious  material  will  be 
required  for  construction  of  the  core  and  slurry  trench  cutoff  for  Seven 
Oaks  Dam.  Suitable  materials  are  available  from  the  impervious  borrow 
site  next  to  Mill  Creek.  Approximately  9,000,000  yd’  could  be  obtained 
from  the  preferred  area  within  the  borrow  area  shown  on  plate  A-60  if 
this  area  were  excavated  to  an  average  depth  of  15  feet.  Based  on 
comparison  of  in  situ  and  maximum  density  tests,  a  balance  factor  of 
0.90  should  be  applied  to  materials  from  this  area  to  calculate 
embankment  quantities. 


FILTER 

11-03  Approximately  2,656,000  yd^  of  filter  material  will  be  required 
as  upstream  craekstopper  and  downstream  filter  zones  adjacent  to  the 
core  in  the  embankment.  These  materials  can  be  produced  by  processing 
alluvial  materials  from  the  downstream  pervious  borrow  area,  the 
upstream  streambed  borrow  area,  or  the  foundation  excavation  to  produce 
minus  3-inch  sands  and  gravels. 

ALLUVIAL  TRAISITIGH 

11-04  Approximately  10,601,000  yd^  of  alluvial  transition  materials  are 
required  to  construct  the  majority  of  the  upstream  pervious  shell  of  the 
embankment.  These  materials  would  be  obtained  from  the  required 
foundation  excavation,  the  upstream  streambed  borrow  area,  and,  mainly, 
from  the  downstream  pervious  borrow  area.  Assuming  an  average  depth  of 
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excavation  of  40  feet,  approximately  350  acres  would  be  required  in  the 
downstream  pervious  borrow  area.  The  preferred  location  of  this  borrow 
area  is  shown  on  plate  A-55.  The  materials  from  these  borrow  areas 
would  be  processed  to  produce  minus  12-inch  materials  for  the  rockfill 
transition  zone. 

DONNSTREAM  TRANSITION 

11-05  An  estimated  9,000,000  yd^  of  downstream  transition  materials 
will  be  produced  from  required  excavation  of  the  spillway  and  the 
drainage  channel  through  Government  Canyon  Ridge.  Pending  completion  of 
the  test  excavation  and  test  fill  contract,  it  is  assumed  that  the 
excavated  materials  will  not  need  to  be  processed  to  produce  suitable 
fill  materials.  A  bulking  factor  of  1.15  has  been  assumed  for 
estimating  purposes.  Due  to  anticipated  cost  savings  compared  to 
alluvial  materials,  overexcavation  of  Government  Canyon  Ridge  is 
currently  planned  in  order  to  produce  enough  additional  materials  to 
construct  the  entire  downstream  transition  zone.  The  total  in-place 
volume  of  the  zone  would  be  13,155,000  yd^. 

SHELL 

11-06  Excavation  of  the  foundation  and  alluvial  borrow  areas  to  produce 
the  required  quantities  of  filter  and  upstream  transition  materials 
would  leave,  as  a  byproduct  of  the  screening  process,  approximately 
7,454,000  yd’  of  oversize  rock  from  3  to  30  inches  in  diameter  which 
would  be  used  in  the  outermost  zones  of  the  embankment.  Stones  larger 
than  30  inches  in  diameter  would  be  placed  in  the  outlet  works  energy 
dissipator  or  wasted  in  the  borrow  areas.  A  bulking  factor  of  1.20  has 
been  assumed  to  estimate  the  volume  of  rock  in  place  in  the  embankment. 
To  improve  trafficability  on  the  oversize  shell  materials,  it  is 
estimated  that  about  745,000  yd’,  or  10  percent  of  the  shell  volume,  of 
smaller  material  would  be  required  to  fill  the  voids  on  the  surface  of 
the  rock  shell  lifts  so  that  trucks  would  be  able  to  drive  on  them.  The 
use  of  alluvial,  spillway  and  abutment  excavation  materials  for  this 
purpose  will  be  evaluated  in  the  test  excavation  and  test  fill  contract 
during  the  FDM  study  phase. 


Concrete  Materials 

GENERAL 

11-07  The  regulating  outlet  (R0)  features  for  the  Seven  Oaks  Dam  of  the 
Santa  Ana  Project  encompass  the  large  majority  of  concrete  to  be  used  in 
the  project.  The  outlet  works  for  this  dam  are  located  on  and  through 
the  left  abutment.  The  system  is  comprised  of  a  high  level  intake 
tower,  control  gates,  a  regulating  outlet/diversion  access  tunnel,  a 
downstream  access  -and  equipment  structure,  and  an  outlet  channel 
connecting  the  tunnel  portal  and  an  energy  dissipating  plunge  pool. 

Based  on  the  downstream  control  alternative,  the  following  table 
summarizes  approximate  quantities  of  concrete  and  grout  to  be  used  in 
construction  of  the  outlet  works. 


Table  A-61 .  Estimated  Concrete  Quantities 


Feature 

Shotcrete 

Concrete 

(cy) 

(cy) 

Tunnel  Excavation 

Intake  Structure 

1,800 

(1)  Below  Elev.  2156 

8,700 

(2)  Above  Elev.  2156 

4,600 

Access  Bridge 

L.S. 

Downstream  Control  Structure 

2,500 

Channel  and  Flip  Bucket 

2,000 

Tunnel  Floor  and  Walls 

6,500 

Conduit  Support 

6,500 

Cutoff  Wall 

500 

CLIMATIC  COHDITIOBS 

11-08  The  climate  of  the  Seven  Oaks  Dam  drainage  area  is  subtropical 
semi-arid  with  warm  summers  and  relatively  mild  winters.  From  late 
spring  through  mid-fall,  with  the  greatest  intensities  during  the 
summer,  the  channel  area  is  subject  to  air  pollution  accumulation 
between  the  late  morning  and  early  evening.  Variations  in  the  climate 
are  almost  entirely  due  to  seasonal  changes. 

11-09  The  area  is  generally  mild,  free  from  extremely  low  winter 
temperatures  and  relatively  immune  to  extremely  high  summer 
temperatures.  Summers  are  pleasantly  warm,  with  daily  maximum 
temperatures  averaging  around  95°F  (extreme  highs  around  115°F)  and  a 
nocturnal  minimum  ranging  from  36°F  to  near  58°F.  Winters  are  cool, 
with  mild  days.  Normal  daily  temperatures  range  from  highs  of  68°F  to 
lows  of  37°F  (with  all-time  extremes  from  17°  to  93°F). 

11-10  The  relative  humidity  in  the  project  area  can  vary  from  zero  to 
100  percent.  Typical  ranges  during  most  of  the  year  are  from  80  to  90 
percent  during  the  early  morning  hours  to  30  to  50  percent  during  the 
early  afternoon. 

11-11  Mean  annual  precipitation  in  the  region  is  approximately 
18  inches.  The  primary  rainy  season  is  winter  (November-April) ,  with 
the  heaviest  precipitation  occurring  normally  from  December  through 
mid-March.  Summer  ( June -Sept ember)  is  the  driest  time  of  the  year. 
More  detailed  information  will  be  available  in  the  Feature  Design 
Memorandum  for  the  Outlet  Works. 
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SOURCES  CP  CEMENT 


11-12  The  following  sources  are  producing  cements  which  are  being 
tested  and  reported  in  accordance  with  the  requirements  of  ER  1110-1- 
2002,  Cement,  Pozzolan,  and  Slag  Acceptance  Testing.  Cement  would  be 
available  from  the  California  Materials  Company  (CALMAT)  plants  at 
either  Colton  or  Mojave,  California;  or  from  the  Riverside  Portland 
Cement  Company  at  Oro  Grande,  California. 

SOURCES  OP  POZZOLANS 

11-13  A  variety  of  pozzolans  are  available  in  the  region  surrounding 
the  Seven  Oaks  Dam  construction.  In  conformance  with  Environmental 
Protection  Agency  (EPA)  regulations  all  Federal  agencies  utilizing 
Federal  funds  for  construction  are  required  to  allow  the  U3e  of  the 
flyash  in  concrete  unless  the  use  can  be  shown  to  be  technically 
improper.  Flyashes  are  specified  in  conformance  to  ASTM  Standard  C  6 1 8 . 
Class  'F'  ashes  are  available  and  have  been  extensively  U3ed  in 
construction  throughout  the  region.  The  Class  * C'  ashes  have  recently 
been  introduced  to  the  region  and  are  developing  some  use.  Although 
Class  '  N’  pozzolans,  volcanic  ashe3  and  pumice,  have  been  imported  into 
the  region  in  the  past;  their  use  has  been  minimal.  Recently,  interest 
has  been  shown  in  the  use  of  Class  *C'  flyashes  in  southern  California 
and  Arizona.  The  reason  for  this  interest  is  the  influx  of  Class  '  C’ 
ashes  primarily  from  Texas  with  additional  sources  in  Wyoming. 

11-14  In  evaluating  the  suitability  of  U3e  of  Class  ' C'  flyashes 
EM  1110-2-2000  raises  some  questions.  Investigations  to  determine  the 
suitability  of  Class  ’  C'  ashes  must  resolve  the  following  points. 

1.  Variability.  The  fly  ash  produced  from  any  industrial  burning 
of  coal  will  vary  depending  on  load  factors,  emission  control 
techniques  and  boiler  efficiency.  These  variations  may  occur  on 
an  hour  by  hour  basis  and  variability  is  exacerbated  by  the  high 
degree  of  variability  of  the  lignite  and  subbituminous  coals. 

2.  Alkali  Content.  The  alkali  content  of  available  class  C 
pozzolans  should  be  always  determined  in  accordance  with 
CRD-C  255.  (ASTM  C  618),  if  class  C  is  specified.  There  are 
pozzolans  of  this  class  which  contain  enough  readily  available 
alkali  to  combine  with  low  alkali  cement  to  produce  an 
aggregate  reaction  when  one  would  not  have  occurred  otherwise. 

3.  Heat  of  Hydration.  Materials  meeting  the  requirements  of  class 
C  pozzolan  have  been  tested  which  exhibit  the  tendencies  of  a 
verj'  fast  setting  hydraulic  cement.  When  water  is  added  to  this 
material  it  sets  very  rapidly  and  produces  substantial  heat  of 
hydration. 
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4.  Resistance  to  Sulfate  Attack.  Some  Class  C  pozzolan  has 

demonstrated  a  low  resistance  to  sulfate  attack  and  should  not 
be  used  in  areas  of  sulfate  exposures. 

AGGREGATES 

11-15  Aggregates  for  concrete  construction  of  the  dam  may  come  from  a 
variety  of  sources.  These  sources  should  include  developed  existing 
commercial  sources  within  proximity  of  the  dam  and  excavations  on  site. 

Off -Site  Sources 

11-16  The  Waterways  Experiment  Station  Technical  Memorandum  No.  6-370, 
September  1953,  titled  "Test  Data,  Concrete  Aggregates  in  Continental 
United  States,"  Volume  1,  Area  3,  Western  United  States,  indicates  that 
the  vicinity  of  the  Seven  Oaks  Dam  project  has  a  number  of  sources 
capable  of  producing  aggregates  suitable  for  use  in  concrete 
construction.  In  accordance  with  EM  1110-2-2000  some  of  these  sources 
were  sampled  and  tested  at  the  South  Pacific  Division  Laboratory  by  the 
Los  Angeles  District  in  the  Spring  of  1985.  The  names  and  locations  of 
the  sources  are  shown  on  plate  A-96. 

11-17  Testing  consisted  of  petrographic  analysis,  elementary  physical 
tests,  tests  for  potential  reactivity  of  aggregates  and  a  concrete  check 
mix.  The  tests  indicate  that  aggregates  suitable  for  use  in  all  aspects 
of  concrete  construction  are  available  from  local  sources.  The  results 
of  the  laboratory  tests  are  shown  in  tables  A-62  through  A-66. 

On-Site  Source 

11-18  Due  to  the  nature  of  materials  available  and  the  types  of 
structures  to  be  constructed  at  the  site,  an  investigation  into  on-site 
borrow  materials  as  sources  of  aggregates  is  being  conducted.  Work 
completed  to  this  time  includes  trenching  and  sampling  from  excavated 
pits,  in-situ  gradations  of  materials,  first  stage  crushing  cf 
materials,  and  petrography  and  preliminary  physical  testing  of  materials 
for  aggregate  production. 

Geologic  Aspects  of  Aggregate  Sources 

11 -19  All  aggregates  from  suppliers  listed  herein  are  mined  from  major 
stream  beds  on  the  alluvial  plains  several  miles  downstream  from  the 
southern  margin  of  the  San  Bernardino  Mountains  or  from  streambed 
deposits  in  the  vicinity  of  the  project.  The  aggregates  are  processed 
from  alluvium  which  is  derived  from  rocks  exposed  in  the  mountain 
regions  surrounding  the  streams  and  their  tributaries.  The  igneous  and 
metamorphic  basement  complex  of  the  San  Bernardino  Mountains  i3  the  most 
prominent  terrane  in  the  source  area,  consequently  most  of  the 
aggregates  are  composed  of  those  rock  types. 
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Geologic  Aspects  of  On-Site  Source 

11-20  The  materials  considered  to  be  potential  sources  of  aggregate  are 
streambed  deposits  of  Late  Quaternary  age  which  consist  mainly  of  cobbles 
and  boulders  as  large  as  5  feet  in  diameter,  in  an  unconsolidated  sand 
and  gravel  matrix.  These  deposits  may  extend  up  to  105  feet  or  more  in 
thickness  at  the  damsite  and  have  been  transported  by  the  Santa  Ana 
River  and  its  tributaries  which  drain  through  two  or  more  rock  types. 

The  primary  sources  are  intrusive  rocks  of  Mesozoic  age,  mostly  quartz 
monzonite  with  some  Precambrian  age  gneiss.  This  basement  rock 
comprises  much  of  the  San  Bernardino  Mountains.  Another  minor  source  is 
the  Santa  Ana  Sandstone  formation  which  overlies  the  granitic  and 
gneissic  basement  rocks  in  the  area  near  the  confluence  of  the  Santa  Ana 
River  and  Bear  Creek.  Conglomeratic  portions  of  this  unit  contain 
schist  and  metavolcanic  fragments  as  seen  in  the  aggregate  samples.  A 
third  possible  minor  source  is  the  Mill  Creek  formation  located  in  Warm 
Springs  Canyon.  A  portion  of  this  formation  is  well  indurated  and 
composed  of  arkosic  sandstone  and  conglomerate  with  gneiss,  schist,  and 
granitic  clasts.  Downstream  from  Warm  Springs  Canyon  and  the  North 
Branch  of  the  San  Andreas  fault,  the  highly  fractured  and  weathered 
diorite  and  gneiss  bedrock  contribute  angular  to  subangular  clasts  to 
the  streambottom  deposts.  The  coarse  aggregate  was  sampled  from  test 
trenches  excavated  in  the  Santa  Ana  River  streambottom  at  the  project 
site.  The  petrographic  analysis  of  these  samples  indicate  89  percent 
mottled  black  and  white  granitic  content  with  minor  amounts  of  schist, 
gneiss  and  metavolcanics.  Fine  aggregate  samples  consist  of  granitics, 
schist,  quartz  fragments  and  feldspar  fragments.  The  majority  of  the 
aggregate  samples  were  fresh  and  hard,  characteristics  needed  to  better 
withstand  the  effects  of  stream  transportation. 

Geologic  Aspects  of  Off-Site  Sources 

11-21  LTTLE  CREEK.  Both  Owl  Rock  Company  and  Fourth  Street  Crusher 
aggregate  sources  are  located  in  the  Lytle  Creek  streambed  4  and  6  miles 
downstream  from  the  mouth  of  the  Lytle  Creek  canyon,  respectively.  Most 
of  the  rocks  in  the  Lytle  Creek  basin  are  Tertiary  diorite,  Cretaceous 
granite  and  diorite,  pre-Cretaceous  Pelona  schist,  and  various 
Precambrian  Metamorphie  rocks.  The  granite,  granodiorite,  and  diorite 
predominate  in  samples  from  these  suppliers,  along  with  significant 
amounts  of  schist,  gneiss,  quartzite,  and  various  metasedimentary  and 
metavolcanic  rocks.  Minor  amounts  of  gabbro  are  also  present,  from 
Mesozoic  exposures  west  of  the  canyon.  Fine  aggregates  (No.  4  and 
smaller  particle  size)  produced  from  these  two  sources  contains 
fragments  of  all  of  the  above  rocks,  along  with  individual  grains  of 
hornblende,  quartz,  biotite,  and  feldspars. 

11-22  SAffTA  AHA  RIVER.  The  C.L.  Pharris  aggregate  sources  is  located 
in  the  Santa  Ana  River  stream  bed  approximately  5  miles  downstream  from 
the  mouth  of  the  Santa  Ana  River  Canyon.  Rock  exposed  in  the  Santa  Ana 
River  drainage  area  consists  mainly  of  Mesozoic  intrusives  and 
Precambrian  igneous  and  metamorphie  rocks.  Rock  produced  at  the 
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C.L.  Pharris  plant  is  predominantly  Mesozoic  diorite,  granodiorite,  and 
gabbro,  along  with  Precambrian  schist.  A  small  proportion  of  sandstone 
and  siltstone  fragments  is  also  present,  derived  from  scattered  outcrops 
of  Tertiary  sediments.  Fine  aggregate  consists  of  individual  grains  of 
feldspar,  quartz,  and  biotite,  with  some  fragments  of  granite, 
quartzite,  schist,  and  metasedimentary  rocks. 

11-23  SAN  GORGON 10  RIVER.  The  Beaumont  Concrete  Company  aggregate 
source  is  located  in  the  San  Gorgonio  River  floodplain  about  6  miles 
downstream  from  the  mouth  of  the  San  Gorgonio  River  Canyon.  Aggregate 
produced  by  this  supplier  is  composed  primarily  of  Mesozoic  granite, 
granodiorite,  gabbro,  and  diorite.  Pelona  schist  is  also  present,  as 
well  as  gneiss  and  miscellaneous  metamorphic  lithologies  probably 
derived  from  Precambrian  outcrops.  Fine  aggregate  from  the  Beaumont 
Concrete  Company  contains  all  of  the  above  rock  types  as  well  as 
individual  grains  of  the  constituent  minerals. 

Trenching 

11-24  Four  test  trenches  (TT87-1  to  TT87-4)  were  excavated  in  Santa  Ana 
River  Canyon  to  investigate  the  potential  of  processing  streambed 
materials  for  use  as  concrete  aggregates.  The  depths  of  the  trenches 
were  15,  10,  11,  and  8  feet,  for  TT87-1  through  TT87-4,  respectively. 

The  location  of  the  trenches  is  shown  on  plate  A-97. 

11-25  The  test  trench  excavations  were  performed  with  a  Caterpillar 
D-8H  bulldozer.  Some  ripping  was  required  to  dislodge  cobbles  and 
boulders  which  were  tightly  interlocked.  No  ripping  of  bedrock  or 
cemented  materials  occurred.  The  materials  found  in  the  excavation  were 
alluvial  sand,  gravels  and  cobbles  with  random  boulders  to  40  inches  in 
diameter.  Groundwater  was  only  encountered  in  one  of  the  test  trenches 
(TT87-2),  it  was  noted  at  a  depth  of  9  feet.  Some  days  later,  after  the 
water  had  receded,  an  encrustation  was  observed  on  the  materials 
remaining  in  the  bottom  of  the  trench.  A  composite  gradation  of 
materials  sampled  was  performed.  Samples  weighing  17,  15,  10,  and 
12  tons  were  excavated  from  the  spoils  pile  of  each  pit  for  gradations. 
Sampling  was  performed  using  a  Caterpillar  Type  977  tracked  loader.  The 
results  of  the  gradations  are  shown  in  plate  A-98. 

First  Stage  Crushing 

11-26  After  completion  of  in  situ  gradations,  approximately  28  tons  of 
representative  material  were  removed  in  equal  proportions  from  the  spoil 
piles  of  TT87-3  and  TT87-4.  This  material  was  loaded  with  a  Caterpillar 
Type  977  tracked  loader  and  transported  to  an  aggregate  processing  plant 
approximately  14  miles  west  of  the  project  site  for  primary  crushing. 
Material  transported  varied  from  a  maximum  size  of  approximately 
30  inches  to  the  smallest  sand  sizes  available  in  the  excavation. 
Gradations  of  in  situ  materials  are  shown  on  plate  A-98.  The  first 
stage  crushing  was  performed  at  CALMAT'S  San  Bernardino  Plant. 
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11-27  Crushing  was  by  a  36  inch  jaw  crusher  with  an  approximate 
capacity  of  500  tons  per  hour.  The  jaws  were  set  so  that  a  maximum 
particle  size  of  *1  inches  would  be  produced.  Preliminary  screens  were 
removed  to  allow  the  entire  crushed  product  to  be  binned  and  stored  in 
an  aggregate  silo  generally  used  for  sands.  This  allowed  discharge  of 
the  crushed  product  directly  into  a  truck  for  transportation.  After 
crushing,  by  CALMAT,  approximately  20  tons  of  the  crushed  product  was 
shipped  to  the  South  Pacific  Division  Laboratory  at  Sausalito, 
California.  A  gradation  performed  on  the  crushed  product  is  shown  in 
table  A-62  and  on  plate  A-98. 

Summary  of  Aggregate  Test  Data 

11-28  The  following  information  summarizes  completed  South  Pacific 
Division  (SPD)  Laboratory  testing  on  aggregates  from  sources  sampled  for 
potential  construction  of  concrete  elements  for  Seven  Oaks  Dam. 

On-Site  Source 


11-29  The  on-site  source  is  an  alluvial  deposit  in  the  immediate 
vicinity  of  the  dam  construction.  Samples  were  taken  from  TT87-3  and 
1787-4.  The  location  of  this  source  is  shown  on  plate  A-97.  Samples 
were  obtained  in  August  1987  and  testing  is  continuing  at  this  time. 
Aggregate  test  results  are  shown  in  table  A-62  and  in  figure  A-4. 

11-30  After  crushing,  the  SPD  Laboratory  performed  gradations  and 
physical  property  tests  on  the  aggregates.  The  fine  aggregate  produced 
in  the  crushing  operation  conforms  to  the  grading  requirements  of 
ASTM  C  33  for  concrete  sand.  Gradations  determined  from  the  samples  are 
shown  in  table  A-62.  Only  one  coarse  aggregate  size  is  shown,  since  at 
this  time  only  excavation  and  crushing  have  been  completed.  Additional 
coarse  aggregate  sizes  will  be  developed  and  reported  in  feature  design 
documents. 

11-31  The  rock  sizes  tested  had  a  specific  gravity  (Sp.  Gr.)  of  2.63  to 
2.66.  The  fire  aggregate  had  a  Sp.  Gr.  of  2.58.  The  aggregates  had 
absorptions  of  0.7  to  1.2  percent.  The  coarser  sizes  are  less 
absorptive  than  the  #4-3/4".  The  fine  aggregate  reported  an  absorption 
of  0.5  percent.  Test  results  for  abrasion  loss  of  coarse  aggregate,  in 
accordance  with  ASTM  C  131,  showed  35  percent  loss  for  the  2"-3" 
material  and  21  percent  loss  for  the  1-1/2"  to  1”  material.  The 
chemical  method  of  reactivity  was  performed  and  the  results  are  shown  in 
figure  A-4.  Test  results  available  at  this  time  indicate  that  there 
should  be  no  unfavorable  reactions  between  cements  and  the  aggregates. 
Mortar  bar  test  results  will  be  available  in  the  Feature  Design 
Memorandum. 
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Table  A-62.  Physical  Tests  on  Concrete  Aggregates  for: 
On-Site  Source,  Seven  Oaks  Dam 
(Date  Tested:  August  1987) 


Part  A:  GRADATIONS 

Sieve  Size 

IN  PERCENT  FINER  BY  WEIGHT 

3/8"  -  4.0" 

Fine  Agg. 

4  in. 

100 

3  in. 

94 

2-1/2  in. 

92 

2  in. 

82 

1-1/2  in. 

74 

1  in. 

66 

3/4  in. 

59 

1/2  in. 

52 

3/8  in. 

48 

No.  4 

39 

100 

No.  8 

33 

87 

No.  16 

25 

65 

No.  30 

16 

41 

No.  50 

7 

19 

No.  100 

3 

9 

No.  200 

2 

4 

Part  B:  PHYSICAL 

TEST  RESULTS 

Test  Requirement 

2.0"  -  3.0" 

3/4"  -  1.5" 

#4  -  3/4" 

Fine  Agg. 

Specific  Gravity 

2.63 

2.66 

2.63 

2.58 

Absorption 

0.7 

0.7 

1.2 

0.5 

Soft  Particles 

0.2 

0.2 

- 

- 

Part  C:  PHYSICAL  TESTS  ON  COMBINED  SAMPLES 

Organic  Impurities  (ASTM  C  40) 

OK 

Mortar  Strength  ratio  @  7  days  (ASTM  C  87) 

108 

Soundness:  Magnesium  Sulfate  (ASTM  C 

88) 

Coarse  Aggregate 

3/4" 

-  1-1/2" 

1.4 

No. 

4  -  3/4" 

2.2 

Fine  Aggregate 

4.6 

Decantation  (ASTM  C  117) 

Abrasion  Loss,  500  rev.  (ASTM  C  131) 

2"  -  3" 

1-1/2"  -  1" 

Grading  Designation 

A 

A 

Percent  Loss 

35 

21 

Reactivity,  Chemical  Method  (ASTM  C  289) 

Coarse  Aggregate 

Rc 

=34  Sc  =  21 

Innocuous 

Fine  Aggregate 

Re 

=30  Sc  =  19 

Innocuous 
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Owl  Rock  Products 


11-32  This  source  is  on  Lytle  Creek  approximately  20  miles  west  of  the 
project  site.  This  source  excavates  alluvial  sands  and  gravels  from  the 
Lytle  Creek  streambed  deposits.  The  location  of  this  source  is  shown  on 
plate  A-96.  Camples  of  aggregates  were  obtained  from  this  source  in 
1985  and  were  tested  at  the  SPD  Laboratory.  Aggregate  test  results  are 
shown  in  table  A-63  and  in  figure  A-5. 

11-33  At  the  time  of  the  sampling  the  plant  was  producing  three  rock 
sizes  and  a  washed  concrete  sand,  which  were  sampled  for  testing.  The 
course  sized  materials  included  a  2-,  1-1/2-,  and  3/8-inch  topsize 
materials.  The  2-inch  material  meets  the  Standard  Specifications  for 
Public  Works  Construction  (SSPWC),  a  local  specifying  group  made  up  of 
public  agencies  and  suppliers,  specifications  size  No.  2,  and  ASTM  C  33, 
size  No.  4.  The  1-1 /2-inch  material  meets  the  SSPWC  specifications  size 
No.  3  and  ASTM  C  33  size  No.  56.  The  3/8-inch  material  meets  the  SSPWC 
size  No.  4  but  does  not  meet  any  ASTM  size  standard.  The  washed 
concrete  sand  conforms  to  both  the  SSPWC  and  ASTM  C  33  size  for  washed 
concrete  sand.  Gradations  determined  from  the  samples  taken  are  shown 
in  table  A-63. 

11-34  The  rock  sizes  tested  had  Sp.  Gr.  of  2.65  to  2.67  with  Sp.  Gr. 
of  2.67  and  above  for  aggregates  greater  than  3/4-inch  in  size.  The 
sand  had  a  Sp.  Gr.  of  2.63.  The  aggregates  had  absorptions  of  1.0  to 
1.9  percent  for  the  coarse  and  1.6  percent  for  the  fines.  The  coarse 
aggregate  has  an  abrasion  loss  of  24  percent  when  tested  in  accordance 
with  ASTM  C  131,  using  gradation  A.  The  chemical  method  of  reactivity 
of  aggregates  was  performed  and  the  results  are  shown  in  figure  A-5. 

The  test  results  indicate  that  there  should  be  no  unfavorable  reactions 
between  cements  and  the  aggregates.  The  aggregates  are  generally  of 
slightly  higher  quality  than  those  found  in  the  Los  Angeles  Basin,  but 
are  about  average  for  the  local  San  Bernardino  area. 

4th  Street  Crusher 

11-35  This  source  is  on  Lytle  Creek  approximately  17  miles  west  of  the 
project  site.  This  source  excavates  alluvial  sands  and  gravels  from 
Lytle  Creek  streambed  deposits  near  it’s  confluence  with  the  Santa  Ana 
River.  The  location  of  this  source  is  shown  on  plate  A-96.  Samples  of 
aggregates  were  obtained  from  this  source  in  1985  and  were  tested  at  the 
SPD  Laboratory.  Aggregate  test  results  are  shown  in  table  A-64  and 
figures  A— 6  and  A-9. 
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Table  A-63.  Physical  Tests  on  Concrete  Aggregates  for: 


OWL  PRODUCTS  COMPANY 
Riverside  Avenue  at  Linda  Street 
Rialto,  California 
(Date  tested:  January  1 985 ) 


Part  A:  GRADATIONS  IN  PERCENT 

Sieve  Size  1.5"  -  3.0" 

FINER  BY  WEIGHT 

3/4"  -  1.5" 

#4  -  3/8" 

Fine  Agg. 

2  in. 

100 

1-1/2  in. 

96 

100 

1  in. 

23 

98 

3/4  in. 

2 

74 

1/2  in. 

31 

3/8  in. 

14 

100 

100 

No.  4 

4 

4 

99 

No.  8 

82 

No.  16 

63 

No.  30 

41 

No.  50 

19 

No.  100 

7 

No.  200 

3 

Part  B:  PHYSICAL 

TEST  RESULTS 

Test  Requirement 

1.5"  -  3.0" 

3/4"  -  1.5" 

#4  -  3/4" 

Fine  Agg. 

Specific  Gravity 

2.67 

2.67 

2.65 

2.63 

Absorption 

1.0 

1.6 

1.9 

1.6 

Soft  Particles 

• 

0.20 

0.40 

• 

Part  C:  PHYSICAL  TESTS  ON  COMBINED  SAMPLES 

Organic  Impurities  (ASTM  C  40) 

OK 

Mortar  Strength  ratio  §  7  days  (ASTM  C  87) 

91 

Soundness:  Magnesium  Sulfate  (ASTM  C  88) 

Coarse  Aggregate 

1.35 

Fine  Aggregate 

3.18 

Decantation  (ASTM  C  117) 

14.50 

Abrasion  Loss,  500  rev.  (ASTM  C  131) 

Grading  Designation 

A 

Percent  Loss 

24 

Reactivity,  Chemical  Method  (ASTM  C  289) 

Coarse  Aggregate  Rc  =  36 

Sc  =  29 

Innocuous 

Fine  Aggregate  Rc  =  51 

Sc  =  43 

Innocuous 
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11-36  At  the  time  of  sampling  the  plant  was  producing  three  rock 
sizes  and  a  washed  concrete  sand,  which  were  samples  for  testing.  The 
coarse  sized  materials  included  a  2-,  1-1/2-,  and  3/8-inch  topsize 
materials,  the  2-inch  material  meets  SSPWC  specifications  size  No.  2, 
and  ASTM  C  33,  size  No.  M.  The  1-1/2-inch  material  meets  the  ASTM  C  33 
size  No.  56  and  barely  fails  the  SSPMC  size  No.  3  on  the  3/8-inch 
screen.  The  3/8-inch  material  does  not  meet  any  specific  size  standard. 
The  washed  concrete  sand  conforms  to  both  the  SSPWC  and  ASTM  C  33  size 
for  washed  concrete  sand.  Gradations  determined  from  the  samples  taken 
are  shown  in  table  A-64. 

11-37  The  rock  sizes  tested  had  Sp.  Gr.  of  2.65  to  2.69  with  Sp.  Gr. 
of  2.68  and  above  for  aggregates  greater  than  3/^-inch  in  size.  The 
sand  had  a  Sp.  Gr.  of  2.63.  The  aggregates  had  absorptions  of  1.0  to 
1.6  percent  for  the  coarse  and  1.2  percent  for  the  fines.  The  coarse 
aggregate  has  an  abrasion  loss  of  25  percent  when  tested  in  accordance 
with  ASTM  C  131,  using  gradation  A.  The  chemical  method  of  reactivity 
of  aggregates  was  performed  and  the  results  are  shown  in  figure  A-6. 

The  test  results  indicate  that  there  should  be  no  unfavorable  reactions 
between  cements  and  the  aggregates.  Mortar  bar  test  results  show 
expansion  of  +0.025  percent  at  1 80  days  and  +0.012  percent  at  335  days 
for  high  alkali  cement.  Expansions  of  +0.009  percent  at  180  days  and 
360  days  are  noted  for  low  alkali  cements.  Detailed  results  are  shown 
in  figure  A-9.  The  aggregates  are  generally  of  3lightly  higher  quality 
than  those  found  in  the  Los  Angeles  Basin,  but  are  about  average  for  the 
local  San  Bernardino  area. 

11-38  Subsequent  review  of  this  source  in  December  1987  indicated  that 
the  pit  was  no  longer  able  to  produce  coarse  aggregates.  The  only 
material  being  produced  from  the  pit  at  this  time  was  a  concrete  sand. 
Large  size  materials  are  periodically  washed  into  the  pit  as  a  result  of 
stream  flows.  The  extended  drought  has  introduced  no  coarse  materials 
into  the  pit,  and  as  a  consequence  thi3  source  at  this  time  does  not 
supply  coarse  aggregates.  If  materials  are  deposited  subsequent  to  this 
report  it  is  anticipated  that  they  will  have  properties  similar  to  those 
described  herein.  In  accordance  with  SPD  criteria,  this  source  and  or 
any  other  source  proposed  as  capable  of  producing  acceptable  material 
will  be  tested  prior  to  inclusion  in  plans  and  specifications. 
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Table  A— 64 .  Physical  Tests  on  Concrete  Aggregates  for: 


4TH  STREET  CRUSHER 
1945  W.  4TH  Street  on  Lytle  Creek 
Rialto,  California 
(Date  tested:  January  1985) 


Part  A:  GRADATIONS  IN  PERCENT 

Sieve  Size  1.5"  -  3*0" 

FINER  BY  WEIGHT 

3/4"  -  1.5" 

#4  -  3/8" 

Fine  Agg. 

2  in. 

100 

1-1/2  in. 

97 

100 

1  in. 

27 

99 

3/4  in. 

2 

66 

1/2  in. 

22 

3/8  in. 

4 

100 

100 

No.  4 

8 

97 

No.  8 

86 

No.  16 

68 

No.  30 

41 

No.  50 

18 

No.  100 

6 

No.  200 

2 

Part  B:  PHYSICAL 

TEST  RESULTS 

Test  Requirement 

1.5"  -  3-0" 

3/4"  -  1.5" 

#4  -  3/4" 

Fine  Agg. 

Specific  Gravity 

2.69 

2.68 

2.65 

2.63 

Absorption 

1.0 

1.1 

1.6 

1.2 

Soft  Particles 

• 

1.3 

0.1 

• 

Part  C:  PHYSICAL  TESTS  ON  COMBINED  SAMPLES 

Organic  Impurities  (ASTM  C  40) 

Mortar  Strength  ratio  8  7  days  (ASTM  C  87) 

Soundness:  Magnesium  Sulfate  (ASTM  C  88) 

Coarse  Aggregate  3/4"  -  1-1/2" 

#4  -  3/4" 

Fine  Aggregate 
Decantation  (ASTM  C  117) 

Abrasion  Loss,  500  rev.  (ASTM  C  131) 

Grading  Designation 
Percent  Loss 

Reactivity,  Chemical  Method  (ASTM  C  289) 

Coarse  Aggregate  Rc  =  49  Sc  =  20 

Fine  Aggregate  Rc  =  28  Sc  =  27 


OK 

80 


1.5 

2.3 

12.6 


A 

25 


Innocuous 

Innocuous 


Beaumont  Concrete  Co 


11-39  This  source  is  near  Cabazon  approximately  11  miles  east  of  the 
project  site.  This  source  excavates  alluvial  sands  and  gravels.  The 
location  of  this  source  is  shown  on  plate  A-96.  Samples  of  aggregates 
were  obtained  from  this  source  in  1985  and  were  tested  at  the  SPD 
Laboratory.  Aggregate  test  results  are  shown  in  table  A-65  and  figures 
A -7  and  A- 10. 

1 1  —40  At  the  time  of  sampling  the  plant  was  producing  three  rock  sizes 
and  a  washed  concrete  sand,  which  were  samples  for  testing.  The  course 
sized  materials  included  a  2-,  1-1/2-,  and  3/8-inch  topsize  materials. 
The  2-inch  material  meets  the  Standard  Specifications  for  Public  Works 
Construction  (SSPWC),  a  local  specifying  group  made  up  of  public 
agencies  and  suppliers,  specifications  size  No.  2,  and  ASTM  C  33,  size 
No.  4.  The  1-1/2-inch  material  meets  the  SSPWC  specifications  size 
No.  3  and  ASTM  C  33  size  No.  56.  The  3/8-inch  material  does  not  meet 
any  size  standard.  The  washed  concrete  sand  conforms  to  both  the  SSPWC 
and  ASTM  C  33  size  for  washed  concrete  sand.  Gradations  determined  from 
the  samples  taken  are  shown  in  table  A-65. 

11-41  The  rock  sizes  tested  had  Sp.  Gr.  of  2.63  to  2.67  with  Sp.  Gr. 
of  2.68  and  above  for  aggregates  greater  than  3/4-inch  in  size.  The 
sand  had  a  Sp.  Gr.  of  2.66.  The  aggregates  had  absorptions  of  1.0  to 
2.7  percent  for  the  coarse  and  1.2  percent  for  the  fines.  The  coarse 
aggregate  has  an  abrasion  loss  of  39.1  percent  when  tested  in  accordance 
with  ASTM  C  131,  using  gradation  A.  This  result  is  slightly  higher  than 
desired  but  conforms  to  ASTM  and  SSPWC  requirements.  The  chemical 
method  of  reactivity  of  aggregates  was  performed  and  the  results  are 
shown  in  figure  A-7.  Mortar  bar  test  results  show  expansion  of 
+0.044  percent  at  180  days  and  +0.040  percent  at  335  days  for  high 
alkali  cements.  A  peak  of  +0.046  percent  at  225  days.  Expansions  of 
+0.012  percent  at  180  days  and  +0.014  percent  at  335  days  with  a  peak  of 
+0.016  percent  at  55  days  were  noted  for  low  alkali  cements.  Although 
the  values  are  below  limits  for  expansion  +0.05  percent  at  180  days  and 
+0.10  percent  at  360  days,  these  reaction  results  are  much  higher  than 
most  results  in  the  Los  Angeles  District.  Use  of  these  aggregates  may 
require  special  requirements  or  may  not  be  suitable  for  use  in  the  types 
of  construction  anticipated. 
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Table  A-65.  Physical  Tests  on  Concrete  Aggregates  for: 


BEAUMONT  CONCRETE  CO. 
Cabazon  Pit 

San  Gorgonio  River  at  Apache  Trail 
Cabazon,  California 
(Date  tested:  January  1985) 


Part  A:  GRADATIONS  IN  PERCENT 

FINER  BY  WEIGHT 

Sieve  Size  1.5"  -  3.0" 

3/4"  -  1.5" 

#4  -  3/4" 

Fine  Agg. 

2  in.  100 

1-1/2  in.  94 

100 

1  in.  21 

99 

3/4  in.  2 

74 

100 

1/2  in. 

33 

99 

3/8  in. 

11 

56 

100 

No.  4 

2 

99 

No.  8 

86 

No.  16 

66 

No.  30 

43 

No.  50 

19 

No.  100 

6 

No.  200 

2 

Part  B:  PHYSICAL  TEST  RESULTS 

Test  Requirement  1.5"  -  3.0" 

3/4"  -  1.5" 

#4  -  3/4" 

Fine  Agg. 

Specific  Gravity  2.66 

2.67 

2.63 

2.66 

Absorption  1.0 

1.3 

2.7 

1.2 

Soft  Particles  0.0 

0.0 

0.0 

• 

Part  C:  PHYSICAL  TESTS  ON  COMBINED  SAMPLES 

Organic  Impurities  (ASTM  C  40) 

OK 

Mortar  Strength  ratio  §  7  days 

(ASTM  C  87) 

56 

Soundness:  Magnesium  Sulfate  (ASTM  C  88) 

Coarse  Aggregate 

3/4"  -  1-1/2" 

1.9 

#4  -  3/4" 

2.5 

Pine  Aggregate 

16.1 

Decantation  (ASTM  C  117) 

Abrasion  Loss,  500  rev.  (ASTM  C 

13D 

Grading  Designation 

A 

Percent  Loss 

39.1 

Reactivity,  Chemical  Method  (ASTM  C  289) 

Coarse  Aggregate 

Re  =  36 

Sc 

=  29 

Innocuous 

Pine  Aggregate 

Rc  =  51 

Sc 

=  43 

Innocuous 
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C.L.  Pharris 


1 1-42  This  source  is  on  the  Santa  Ana  River  approximately  6  miles  west 
of  the  project  site.  This  source  excavates  alluvial  sands  and  gravels 
from  Santa  Ana  River  streambed  deposits.  The  location  of  this  source  is 
3hown  on  plate  A-96.  Samples  of  aggregates  were  obtained  from  this 
source  in  1985  and  were  tested  at  the  SPD  Laboratory.  Aggregate  test 
results  are  shown  in  table  A-66  and  figures  A-8  and  A— 11. 

1 1 —^3  At  the  time  of  sampling  the  plant  was  producing  three  rock  sizes 
and  a  washed  concrete  sand,  which  were  sampled  for  testing.  The  coarse 
sized  materials  included  a  2-,  1-1/2-,  and  3/8-inch  topsize  materials. 
The  2-inch  material  meets  the  SSPWC  specifications  size  No.  2,  and 
ASTM  C  33,  size  No.  4.  The  1-1 /2-inch  material  failed  the  SSPWC 
specifications  for  size  No.  3  on  the  3 /8-inch  screen,  but  meets 
ASTM  C  33  size  No.  56.  The  3/8-inch  material  does  not  meet  any  size 
standard.  The  washed  concrete  sand  failed  both  the  SSPWC  and  ASTM  C  33 
size  for  washed  concrete  sand  due  to  the  presence  of  excess  fines. 
Gradations  determined  from  the  samples  taken  are  shown  in  table  A-66. 

11-44  The  rock  sizes  tested  had  Sp.  Gr.  of  2.62  to  2.66  with  Sp.  Gr. 
of  2.65  and  above  for  aggregates  greater  than  3 /4-inch  in  size.  The 
sand  had  a  Sp.  Gr.  of  2.63.  The  aggregates  had  absorptions  of  0.8  to 
1.7  percent  for  the  coarse  and  1.1  percent  for  the  fines.  The  coarse 
aggregate  has  an  abrasion  loss  of  32.7  percent  when  tested  in  accordance 
with  ASTM  C— 131,  using  gradation  A.  The  chemical  method  of  reactivity 
of  aggregates  was  performed  and  the  results  are  shown  in  figure  A-8. 

The  test  results  indicate  that  there  should  be  no  unfavorable  reactions 
between  cements  and  the  aggregates.  Mortar  bar  test  results  show 
expansions  of  +0.025  percent  at  180  days  and  +0.015  percent  at  335  days 
with  a  peak  of  +0.030  percent  at  235  days  for  high  alkali  cement. 
Expansions  of  +0.021  percent  at  1 80  days  and  +0.013  percent  at  335  days 
are  noted  for  low  alkali  cements.  Detailed  results  are  shown  in 
figure  A— 11.  The  aggregates  are  generally  of  slightly  higher  quality 
than  those  found  in  the  Los  Angeles  Basin,  but  are  about  average  for  the 
local  San  Berrardino  area. 

Table  A-66.  Physical  Tests  on  Concrete  Aggregates  for: 

C.L.  PHARRIS 
E.  of  Norton  AFB 
San  Bernardino,  California 
(Date  tested:  January  1985) 


Part  A:  GRADATIONS  IN  PERCENT  FINER  BY  WEIGHT 

Sieve  Size  1.5"  -  3.0"  3/4"  -  1.5"  #4  -  3/4"  Fine  Agg. 


2  in. 

100 

1-1/2  in. 

95 

100 

1  in. 

18 

99 

3/4  in. 

1 

70 

100 
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Table  A-66.  (Continued) 
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Part  A:  GRADATIONS  IN  PERCENT  FINER  BY  WEIGHT 

Sieve  Size  1.5"  -  3.0"  3/4"  -  1.5"  #4  -  3/4"  Fine  Agg. 

1/2  in.  1  23  99 

3/8  in.  3  10  100 


No.  4 

No.  8 

No.  16 

No.  30 

No.  50 

No.  100 

No.  200 

1 

98 

88 

70 

41 

17 

6 

6 

Part  B:  PHYSICAL 

TEST  RESULTS 

Test  Requirement 

1.5"  -  3-0" 

3/4"  -  1.5" 

#4  -  3/4" 

Fine  Agg 

Specific  Gravity 

2.66 

2.65 

2.62 

2.63 

Absorption 

0.8 

0.9 

1.7 

1.1 

Soft  Particles 

0.0 

1.5 

0.3 

• 

Part  C:  PHYSICAL  TESTS  ON  COMBINED  SAMPLES 


Organic  Impurities  (ASTM  C  40)  OK 

Mortar  Strength  ratio  %  7  days  (ASTM  C  87)  77 

Soundness:  Magnesium  Sulfate  (ASTM  C  88) 

Coarse  Aggregate  3/4"  -  1-1/2"  0.5 

#4  -  3/4"  1.9 

Pine  Aggregate  10.4 

Decantation  (ASTM  C  117) 

Abrasion  Loss,  500  rev.  (ASTM  C  131) 

Grading  Designation  A 

Percent  Loss  32.7 

Reactivity,  Chemical  Method  (ASTM  C  289) 

Coarse  Aggregate  Rc  =41  Sc  =  26  Innocuous 

Fine  Aggregate  Rc  =  51  Sc  =  24  Innocuous 


HATER 

11-45  Water  for  concrete  and  embankment  construction  is  available  in 
sufficient  quantities  from  the  Foothill  Pipeline  located  at  the  mouth  of 
Santa  Ana  River  Canyon.  Arrangements  for  purchase  of  the  water  from  the 
State  of  California  would  be  made  by  the  Corps  instead  of  the 
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Contractors  because  of  the  number  of  construction  contracts  to  be  issued 
in  a  relatively  short  time,  and  because  of  the  complexity  of  the  water 
exchange  agreements  between  the  various  water  interests  in  the  vicinity. 

11-46  An  alternative  would  be  to  extract  water  from  the  alluvial 
deposits  in  the  streambed  in  the  immediate  vicinity  of  the  Dam. 
Observations  made  during  geotechnical  explorations  indicated  the 
presence  of  some  mineral  encrustation  left  after  groundwater  had 
evaporated  from  one  of  the  test  trenches.  In  order  to  determine  the 
potential  affects  of  this  on  concrete  a  study  to  determine  the  mineral 
characteristics  of  the  water  will  be  performed  during  feature  design 
studies.  Water  available  from  the  streambed  and  water  available  from 
commercial  sources  must  be  analyzed. 

ATMirrOBES 

11-47  Admixtures  for  concrete  construction,  based  on  the  preliminary 
design  information  available  at  this  time,  will  probably  be  limited  to 
regular  water  reducers,  retarders  and  air  entraining  admixtures.  These 
admixtures  would  be  specified  to  conform  to  the  requirements  of  ASTM  C  494. 
No  need  has  been  determined  for  the  use  of  high  range  water  reducers  or 
superplasticizers  at  this  time.  Detailed  information  concerning  the  use 
of  admixtures  will  be  developed  in  the  Feature  Design  Memorandum. 

KOONMKMDATIGHS 

11-48  At  this  point  in  time,  recommendations  can  be  divided  into  two 
parts.  First,  specific  laboratory  studies  to  determine  material  and  mix 
design  properties;  and  second,  specification  requirements  for 
construction  which  can  be  made  based  on  design  and  material  data 
available  at  this  time. 

Laboratory  Studies 

11-49  Laboratory  studies  to  determine  the  basic  physical  parameters  of 
aggregate  sources  have  been  completed.  The  next  phase  of  laboratory 
studies  will  be  to  determine  mixture  proportions  for  the  various  classes 
of  concrete  required  and  physical  measurement  of  the  mixture  properties 
will  be  determined.  Laboratory  studies  will  be  performed  at  the  South 
Pacific  Division  (SPD)  Laboratory,  the  North  Pacific  Division  (NPD) 
Laboratory,  and  the  Waterways  Experiment  Station  (WES). 

11-50  Studies  to  be  performed  at  the  SPD  Laboratory,  in  addition  to  the 
basic  physical  parameter  determinations  already  completed,  will  be 
aggregate  screening  and  production  studies,  mixture  proportioning  and  a 
class  '  C’  flyash  suitability  determination.  Screening  and  production 
studies  will  be  used  to  manufacture  various  size  groups  of  aggregates  to 
prepare  mixture  proportions  for  the  various  concretes  required. 

11-51  Class  ’C'  ashes  will  be  analyzed  to  determine  their  suitability 
for  use  in  the  types  of  structures  to  be  constructed.  In  December  1987, 
studies  were  started  to  determine  suitable  replacement  rates  of  C  ash  in 
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concrete  mixtures.  Once  this  rate  is  determined,  full  scale  mixes  will 
be  prepare^  for  further  testing.  Long  term  testing  by  mortar  bar  and 
chemical  soundness  tests  will  simultaneously  be  performed. 

11-52  Mixture  design  studies  will  be  performed  to  develop  baseline  data 
for  concrete  mixture  proportions  for  various  structural  elements. 
Mixtures  will  be  developed  for  the  foundation  mat,  inlet  tower,  tunnel 
lining,  outlet  invert,  and  outlet  walls.  Additionally,  mixes  for  use  in 
shotcrete  applications  will  be  developed. 

11-53  The  NPD  Laboratory  will  perform  coefficient  of  thermal  expansion 
and  thermal  diffusivity  studies  on  2-foot  cubes  of  concrete  based  on 
mixtures  proposed  for  use  in  the  foundation  mat  of  the  inlet  tower.  The 
cubes  will  be  fabricated  by  the  SPD  Laboratory  and  then  shipped  to 
NPD.  The  SPD  Laboratory  does  not  have  the  necessary  equipment  for 
performing  these  tests. 

11-54  WES  will  perform  tests  on  cements  and  pozzolans  to  assist  in 
developing  material  performance  criteria.  WES  has  already  completed  a 
partial  analysis  of  a  Class  '  C'  flyash  in  support  of  the  '  C*  ash 
investigations  described  above. 

Mix  Designs 

11-55  Mix  designs  will  be  developed  at  the  SPD  Laboratory  for  the 
following  structural  elements. 


Table  A-67-  Mix  Design  Requirements  for 
Structural  Elements. 


Concrete 

Class 

Maximum 
Aggregate  Size 

Compressive  Strength 
Requirements  (psi)  (#  age) 

Foundation  Mat 

4" 

4000  9  365  days 

Inlet  Tower  Walls 

4" 

3000  9  56  days 

2" 

3000  9  56  days 

Tunnel  Lining 

1-1/2" 

3000  9  28  days 

(Xitlet  Walls 

3/4" 

3000  9  28  days 

Invert 

1-1/2" 

3000  9  28  days 

Shotcrete 

3/8" 

4000  9  7  days 

Specification  lequireaents 

11-56  The  following  summarizes  preliminary  assumptions  based  on  the 
partial  lab  work  completed. 

11-57  Laboratory  studies  will  be  performed  in  order  to  determine 
requirements  for  oeaents,  pozzolans,  and  water.  No  special  or  unusual 
requirements  are  anticipated. 
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11-58  Admixtures  will  most  likely  be  limited  to  water  reducers  and  air 
entraining  admixtures. 

11-59  Based  on  preliminary  data,  suitable  aggregates  could  be  obtained 
from  either  on-site  or  existing  aggregate  pits  in  the  region. 

11-60  Instrumentation  of  the  concrete  will  be  proposed..  Present  plans 
are  to  insert  temperature  and  strain  gauges  in  the  foundation  mat  and 
strain  gauges  in  the  walls  of  the  inlet  tower.  This  instrumentation 
would  be  for  short  term  modeling  and  analysis  at  the  structure  and  would 
not  be  part  of  a  permanent  instrumentation  plan.  A  permanent  plan  will 
be  developed  and  detailed  in  the  Feature  Design  Memorandum.  Specific 
details  of  placing  of  concrete  will  be  developed  in  the  Feature  Design 
Memorandum.  Based  on  present  plans  and  information,  placing  of  th 
foundation  mat  would  be  by  bucket  or  belt  only.  Placing  of  the  tower 
concrete  will  probably  be  by  bucket  only.  Pump  placement  would  only  be 
allowed  in  the  tunnel  lining  and  in  the  outlet  invert  and  walls. 
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South  Pacific 

CORPS  OF  ENGINEERS.  U.  S.  ARMY, - DIVISION 
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FIGURE  A-4 
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FIGURE  A-5 
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FIGURE  A-7 
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FIGURE  A-8 


0 1  S  SOLVED  SILICA,  mM/UTER,  SC 
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RESULTS  OF  TEST  FOR  LENGTH  CHANGE  DUE  TO 
CHEMICAL  REACTION  IN  CONCRETE  MATERIALS 


IESULTS  OF  TEST  FOR  LENGTH  CHANGE  DUE  TO 
CHEMICAL  REACTION  IN  CONCRETE  MATERIALS 


HI.  CONSTRUCTION  PROCEDURES  AMD  REQUIREMENTS 


Diversion  and  Control  of  Mater 

12-01  The  Santa  Ana  River  is  a  relatively  small  but  perennial  river 
under  normal  conditions.  Investigations  have  shown  that  groundwater  is 
usually  within  10  to  20  feet  of  the  surface  at  the  proposed  damsite. 

Two  studies  have  both  calculated  that  approximately  3  ft^/s  is  flowing 
through  the  streambed  aquifer.  Although  design  of  diversion  and  control 
facilities  will  probably  be  the  responsibility  of  the  Contractor,  for 
estimating  purposes  a  dewatering  program  to  control  the  flow  of 
groundwater  through  the  site  during  excavation  and  preparation  of  the 
foundation,  and  a  cofferdam  design  to  divert  surface  flows  into  the 
outlet  tunnel  have  been  developed  and  are  described  below. 

SLURRY  TRENCH  CUTOFF 

12-02  An  earth-backfill  slurry  trench  cutoff  would  be  constructed 
across  the  canyon  just  upstream  of  the  embankment  toe  by  excavating  a 
trench  with  a  clamshell  through  the  streambed  alluvium  to  the  bedrock. 
The  width  of  the  trench  would  be  at  least  6  feet  in  order  to  remove  the 
boulders  that  are  anticipated  to  be  encountered.  The  trench  would  be 
kept  open  with  a  slurry  suspension  of  bentonite  in  water  and  backfilled 
with  a  combination  of  slurry  and  impervious  material  from  the  Mill  Creek 
core  borrow  area.  A  5  percent  concentration  of  dry  powdered  bentonite 
in  water  would  be  used  to  provide  an  impervious  filter  cake  on  the  walls 
of  the  trench  and  stability  through  hydrostatic  pressure  against  the 
trench  walls.  The  density  of  the  slurry  and  suspended  noncolloidal 
particles  from  excavation  was  estimated  to  be  75  lb/ft^  for  stability 
calculations.  Density  would  be  monitored  during  construction. 

Additional  stability  would  be  provided  if  necessary  by  building  berms 
adjacent  to  the  trench  and  raising  the  elevation  of  the  top  of  the 
slurry  and  thereby  increasing  the  hydrostatic  force.  The  maximum 
density  of  the  slurry  during  backfill  operations  would  be  specified  to 
be  at  least  15  lb/ft*  less  than  the  density  of  the  blended  backfill 
material.  Impervious  borrow  material  would  be  mixed  with  the  bentonite 
slurry  with  a  dozer  in  a  flat  area  next  to  the  trench  to  achieve  a 
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homogeneous  backfill  material  with  suitable  properties.  Construction 
control  would  be  achieved  with  gradation  and  concrete  slump  tests  on 
each  batch  of  blended  backfill  prior  to  placement  in  the  trench. 

COFFERDAM 

12-03  The  cofferdam  would  be  constructed  with  alluvial  materials  from 
the  foundation  excavation  or  upstream  pervious  borrow  area.  The 
materials  would  be  processed  through  a  grizzley  to  produce  minus  12-inch 
and  12  to  30-inch  fill  materials  corresponding  to  zone  3  and  zone  5 
embankment  materials,  respectively.  After  excavation  of  the  top  20  feet 
of  the  streambed  alluvium  and  proof  rolling  of  the  foundation,  minus 
12-inch  material  would  be  used  to  construct  the  majority  of  the 
cofferdam  in  order  to  assure  a  dense  structure  that  can  be  well 
compacted,  inspected  and  tested.  A  thick  zone  of  12  to  30-inch  rock 
would  comprise  the  crest  and  the  downstream  slope  of  the  cofferdam  to 
provide  erosion  resistance  and  to  minimize  the  potential  of  sudden 
failure  in  the  event  of  overtopping  by  flood  flows.  To  reduce  through 
seepage  of  impounded  water  into  the  foundation  excavation,  an  impervious 
blanket,  with  filter  and  cover  layers,  would  be  placed  on  the  upstream 
face  of  the  cofferdam  and  connected  to  the  slurry  trench  cutoff.  After 
raising  of  the  embankment  to  the  elevation  of  the  top  of  the  cofferdam, 
the  impervious  layer  would  be  removed  and  replaced  with  rock  shell 
materials.  A  section  illustrating  the  cross  section  of  the  cofferdam 
and  its  location  within  the  embankment  is  shown  on  plate  A-80. 

DERATE  RUG  HELLS 

12-04  Dewatering  wells  will  be  required  downstream  of  the  foundation 
excavation  trench  to  collect  groundwater  which  would  otherwise  drain 
back  into  the  excavation  area.  After  initial  dewatering,  only  water 
passed  through  the  outlet  tunnel  during  diversion  would  need  to  be 
controlled. 


Outlet  Works 


PORTALS 

12-05  Details  of  the  methods  and  procedures  for  constructing  the  outlet 
works  are  presented  in  Volume  1,  Appendix  B  and  supplement,  Seven  Oaks 
Dam  Outlet  Works,  prepared  by  the  Portland  District.  An  overview  of  the 
construction  is  given  in  the  following  paragraphs. 

Excavation 

12-06  Prior  to  actual  excavation  of  both  portals,  all  loose  rock  and 
overburden  which  could  impact  above  the  portal  areas  would  be  removed. 

At  the  inlet,  the  removal  would  be  minimal  and  only  involve  scaling  of 
scattered  loose  surface  rock.  The  present  natural  slope  is  stable  and 
it  will  be  disturbed  as  little  as  possible.  At  the  outlet,  removal 
would  involve  all  colluvium  above  the  portal  and  possibly  to  the  top  of 
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the  channel  walls.  Rock  excavation  of  the  portal  faces  and  side  walls 
would  be  accomplished  by  systematic  blasting  in  lifts.  All  blasting 
will  be  closely  controlled  so  that  open  fracturing  is  not  induced  into 
the  final  slopes.  Pre-splitting  will  likely  be  used  along  the  final  cut 
lines  with  buffer  zones  in  front.  It  is  anticipated  that  the  lift 
thickness  will  be  no  more  than  10  feet  such  that  the  newly  exposed  slope 
can  be  easily  secured.  Should  zones  of  softer  or  very  broken  rock  be 
encountered  which  are  not  suitable  for  blasting,  the  material  will  be 
removed  by  ripping  or  other  similar  mechanical  means.  Blasting  for  the 
intake  and  outlet  structures  subgrade  will  also  be  carefully  controlled 
to  avoid  damage  to  the  floor.  It  is  expected  that  little  dewatering 
will  be  required  in  the  foundation  excavations  since  the  bedrock  appears 
to  be  tight  at  both  portals. 

Reinforcement 

12-07  Contemporaneous  with  the  excavation,  each  lift  of  newly  exposed 
final  cut  surface  in  rock  will  be  secured  as  soon  as  possible  to  inhibit 
stress  relief.  The  reinforcement  will  consist  of  a  pattern  of  grouted 
rock  bolts  set  to  varying  depths.  Wire  mesh  will  be  installed  over  the 
full  cut  to  restrict  surface  rock  falls. 

CHANNELS  AID  ENERGT  DISSIPATOR 

12-08  An  entrance  channel  and  a  diversion  dike  will  be  required  to 
divert  surface  flows  into  the  outlet  works  tunnel  during  construction  of 
the  embankment.  Just  beyond  the  downstream  end  of  the  tunnel,  an  energy 
dissipator  will  be  excavated  in  the  streambed. 

Excavation 

12-09  As  the  portal  excavation  progresses  downward,  it  will  merge  into 
the  channel  excavation.  Cofferdams  will  be  constructed  across  the  ends 
of  both  channels  to  protect  them  from  floods  during  construction.  In 
the  energy  dissipator,  excavation  and  placement  of  the  slope  protection 
would  be  done  during  the  summer  when  streamflows  are  low.  Most  of  the 
two  channels,  and  all  of  the  energy  dissipator  are  in  loose  cohesionless 
material  which  can  be  excavated  by  common  mechanical  means.  The  bedrock 
encountered  near  both  portals  will  be  excavated  by  controlled  blasting 
as  will  be  the  portals  themselves.  No  slope  protection  or  reinforcement 
will  be  required  in  any  of  the  channel  cuts  since  the  slopes  are 
temporary.  Dewatering  is  expected  to  be  minimal  in  the  channels,  but 
can  be  significant  in  the  energy  dissipator. 

Disposition  of  Materials 

12-10  Except  for  cleared  and  grubbed  surficial  materials,  all  of  the 
alluvium  produced  by  excavation  of  the  entrance  channel  and  energy 
dissipator  can  be  processed  through  a  grizzley  and  used  in  zones  3  and  5 
in  the  embankment.  The  diversion  dike  can  be  constructed  with  materials 
excavated  from  the  entrance  channel  without  processing  since  it  is  a 
temporary  structure. 


TUNNEL  AMD  SHAFT 


Excavation 

12-11  The  first  step  in  the  tunnel  excavation  will  be  to  prepare  both 
portals  for  "turning  under".  Following  installation  of  the  rock  bolt 
arch,  an  "umbrella"  will  be  added  below  the  arch  and  a  few  inches  above 
the  outside  excavation  line.  The  umbrella  would  consist  of  3-inch 
diameter  holes  spaced  18  inches  apart,  about  20  feet  deep  and  extending 
from  spring  line  to  spring  line  over  the  crown.  Black  pipe  will  then  be 
inserted  in  the  holes  with  several  feet  protruding  to  allow  installation 
of  a  support  rib.  As  the  tunnel  excavation  starts,  the  rock  will  break 
to  the  umbrella,  but  not  beyond  it,  thereby  preserving  the  corner. 
Because  the  tunnel  is  relatively  short,  excavation  will  likely  be  from 
only  one  heading,  starting  at  the  outlet.  This  direction  will  protect 
the  work  from  flood flows  and  permit  down  gradient  drainage  should 
groundwater  be  encountered. 

12-12  The  tunnel  will  be  driven  by  the  top  heading  and  bench  method  in 
which  the  upper  half,  above  the  spring  line,  will  be  excavated  first  and 
support  installed  followed  by  excavation  and  support  of  the  lower 
half.  This  method  will  permit  the  blocky  rock  to  be  more  easily 
secured.  All  excavation  will  be  by  systematic  drilling  and  blasting 
probably  in  headings  3  to  5  feet  in  length.  This  length  will  allow  one 
rib  at  a  time  to  be  set  in  order  to  secure  the  opening  as  soon  as 
possible.  Should  mid-tunnel  control  be  selected,  the  shaft  excavation 
would  be  similar  to  that  for  the  tunnel,  except  that  the  heading  would 
proceed  full  face.  At  the  tunnel/shaft  junction,  excavation  would 
proceed  very  carefully  in  order  to  maintain  stability  of  the  chamber 
walls.  In  both  structures,  hole  patterns  and  dymamite  load  factors  will 
be  adjusted  depending  on  the  rock  conditions  encountered.  At  this  time, 
the  load  factor  is  estimated  to  be  about  one  pound  of  dynamite  per  cubic 
yard  of  rock  excavated. 

Support 

12-13  Pending  FDM  investigations  on  the  rock  conditions  along  the 
outlet  alinement,  the  initial  tunnel  support  is  planned  to  be  U-shaped 
steel  ribs  spaced  3  to  5  feet  with  continuous  blocking  and  lagging. 
Special  support  design  may  be  required  at  shear  crossings.  Further 
support  will  be  provided  by  the  concrete  lining.  Steel  reinforcement 
will  be  added  to  the  lining  in  the  upstream  reaches  for  possible 
additional  hydrostataic  loading.  No  support  is  anticipated  for  the 
floor  and  much  of  the  walls  below  the  spring  line.  It  is  anticipated 
that  ring  beams  will  be  used  with  lagging  in  the  shaft.  Support  in  the 
gate  chamber  excavation,  however,  would  be  more  exotic  and  will  be 
developed  during  the  Outlet  Works  FDM. 

Grouting 

12—1 4  Following  adequate  curing  of  the  concrete  lining,  any  remaining 
voids  in  the  tunnel  crown  and  gate  chamber  between  the  lining  and  the 
rock  will  be  backfilled  with  grout.  Sets  of  pipes  will  be  installed  on 
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10-foot  spacing  with  additional  pipes  in  areas  of  large  overbreak.  The 
pipe  will  likely  be  installed  with  placement  of  the  lining  and  capped  to 
prevent  being  filled  with  concrete.  Grouting  would  progress  from  the 
outlet  upgradient  to  reduce  grout  travel  as  much  as  possible.  Since  the 
grout  will  consist  of  a  heavily  sanded  cement  and  water  mix,  excessive 
travel  would  promote  segregation.  During  grouting,  pressures  will  be 
closely  monitored  to  prevent  rupturing  the  lining.  Consolidation  grout 
rings  planned  at  the  inlet  and  at  the  dam  centerline  would  be 
constructed  following  completion  of  the  contact  grouting.  A  neat  grout 
mix  of  cement  and  water  would  be  used  and  additional  holes  would  be 
added  should  open  fractures  be  encountered. 

Disposition  of  Materials 

12-15  The  rock  excavated  from  the  portals,  shaft  and  tunnel  will  mostly 
break  to  less  than  12-inch  size  and  it  is  anticipated  that  materials 
produced  would  be  stockpiled  downstream  of  the  dam  and  used  in  the 
downstream  transition  portion  of  the  embankment.  If  unsuitable  for  use 
in  the  embankment,  they  would  be  used  for  road  fill  or  wasted  in  one  of 
the  designated  disposal  areas. 


foundation  Preparation 


ABUTMENT  EXCITATION 

12-16  Because  of  the  volume  of  overburden  to  be  removed  from  the 
abutments,  especially  the  left  abutment,  abutment  excavation  will  be 
made  under  a  separate  early  contract,  so  that  construction  of  the 
embankment  will  not  be  delayed  after  completion  of  the  Embankment  FDM. 

In  addition,  an  early  construction  start  excavation  contract  at  the 
abutments  will  include  construction  of  access  roads  which  will  be  used 
for  surface  cleaning  equipment  and  for  subsequent  exploratory  drilling 
during  the  Embankment  FDM  study  phase. 

Right  Abutment 

12-17  The  entire  area  under  the  footprint  of  the  dam  at  the  right 
abutment  will  require  stripping  of  overburden  and  vegetation.  Before 
excavation  can  begin,  an  access  road  from  Alder  Creek  Road  to  the  top  of 
the  abutment  must  be  constructed  to  allow  for  maintenance  and  repair  of 
the  earthmoving  equipment.  The  average  thickness  of  the  residual  soil, 
colluvium,  and  terrace  deposits,  as  depicted  on  plates  A-4  and  A-5,  is 
estimated  to  be  5  feet.  In  addition,  under  the  core  and  adjacent  filter 
of  the  embankment,  a  minimum  of  5  feet  of  surficial  bedrock  will  be 
excavated  by  mechanical  means.  The  bulk  of  right  abutment  excavation, 
however,  will  be  as  the  result  of  abutment  shaping  and  access 
requirements.  The  general  criteria  for  abutment  shaping  will  require 
that  15-foot  wide  exploration  access  roads  will  be  constructed  during 
the  abutment  excavation  to  facilitate  subsequent  exploratory  drilling, 
detailed  cleaning  and  foundation  grouting  of  the  abutment.  The  access 
roads  will  be  15  percent  grade  or  flatter  and  will  cross  the  dam 
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centerline  every  100  feet  in  elevation.  Where  the  abutment  surface  will 
eventually  be  in  contact  with  embankment  core  material,  the  cut  slopes 
in  the  bedrock  will  not  be  steeper  than  IV  on  1H.  In  all  other  areas 
the  cut  slopes  will  not  be  steeper  than  IV  on  0.75H.  See  plate  A-103 
and  the  discussion  of  the  abutment  excavation  contract  in  section  XIII 
of  this  appendix  for  details  and  limits  of  the  excavation.  To  reduce 
differential  settlement,  minor  reshaping  of  abrupt  slope  changes  at  the 
outside  edges  of  access  roads  will  be  accomplished  just  ahead  of 
placement  as  the  embankment  is  being  raised. 

Left  Abutment 

12-18  The  left  abutment  will  be  stripped  of  all  vegetation  and 
overburden  prior  to  initiation  of  streambed  excavation.  The  surficial 
residual  soil  along  with  the  vegetation  will  be  stockpiled  for 
resurfacing  of  borrow  areas  or  hauled  to  a  waste  disposal  site.  The 
thick  mass  of  colluvium  and  debris  flow  material  on  the  lower  slopes 
under  the  central  portion  of  the  dam  is,  however,  extensive  and  uniform 
enough  to  be  used  to  construct  access  or  haul  roads  or  stockpiled  for 
use  in  the  embankment. 

12-19  Before  abutment  excavation  can  begin,  the  access  road  from  Warm 
Springs  Canyon  via  the  spillway  to  the  top  of  the  abutment  must  be 
constructed  to  allow  for  maintenance  and  repair  of  the  dozers  and  other 
earthmoving  equipment.  Unlike  the  right  abutment,  the  existing  slopes 
at  the  left  abutment,  especially  under  the  central  portion  of  the  dam, 
are  only  moderately  steep  and  should  not  require  significant  shaping.  A 
minimum  of  5  feet  of  foundation  rock  will  be  removed  under  the  core  and 
filter  zone  of  the  dam.  A  15-foot  wide  exploration  access  road  will  be 
constructed  within  the  dam  footprint  from  the  top  down  as  the  abutment 
is  excavated  to  allow  subsequent  access  for  drilling,  cleaning  and 
grouting  equipment  on  the  abutment.  Cut  slopes  for  the  access  road  will 
not  be  steeper  than  IV  on  1H  in  core  contact  areas  and  IV  on  0.75H  in 
all  other  areas.  Localized  blasting  may  be  required  during  access  road 
construction. 

STREAMBED  FOUNDATION  EXCAVATION 

12-20  The  foundation  excavation  for  the  embankment  consists  of  removing 
the  top  20  feet  of  the  3treambed  alluvium  over  the  entire  embankment 
contact  area,  removing  the  streambed  alluvium  down  to  bedrock  within  the 
limits  shown  on  plate  A-80,  and  removing  a  minimum  of  5  feet  of  bedrock 
within  the  core  and  filter  zone  contact  area.  The  thickness  of  bedrock 
actually  removed  will  probably  be  dictated  by  the  shaping  of  the 
irregular  surface  and  is  estimated  to  be  approximately  10  feet.  The 
base  width  of  the  excavation  to  bedrock  will  be  approximately  twice  the 
height  from  bedrock  to  the  crest  of  the  dam.  Excavation  can  be 
accomplished  with  conventional  heavy  construction  equipment,  using 
dozers  to  loosen  the  materials  and  large  loaders  to  place  them  into 
trucks  for  transportation  out  of  the  excavation  trench.  The  excavated 
alluvium  will  he  stockpiled  for  use  later  in  the  embankment.  Because  of 
the  large  quantity  of  oversize  rock,  the  materials  would  have  to  be 
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processed  through  a  grizzley  to  produce  suitable  filter  or  upstream 
pervious  shell  materials.  The  oversize  material  produced  by  this 
operation  will  be  placed  in  the  outer  oversize  shell  zones  of  the 
embankment.  Excavated  rock  will  be  wasted. 

BEDROCK  SURFACE  CLEANING 

12-21  Upon  completion  of  abutment  excavations,  including  construction 
of  exploration  access  roads,  the  entire  core  and  filter  contact  area 
will  be  blown  clean.  A  survey  grid  will  then  be  established  to  allow 
detailed  geologic  mapping  of  the  cleaned  area.  The  detailed  geologic 
map  will  be  used  to  plan  the  subsequent  subsurface  exploration  and 
curtain  grouting  programs.  The  same  cleaning  procedure  will  be  followed 
in  the  streambed  foundation  area  after  excavation  to  bedrock. 

CURTAIN  GROUTING 

12-22  Immediately  after  surveying  and  detailed  geologic  mapping, 
curtain  grouting  will  commence  in  the  streambed  excavation  and  proceed 
up  both  abutments  to  the  maximum  flood  pool  elevation.  Subsurface 
explorations  conducted  subsequent  to  the  Phase  I  Supplemental  GDM 
confirmed  the  low  permeability  of  the  bedrock  foundation.  Out  of  94 
individual  pressure  tests  in  both  the  gneiss  and  diorite,  66  tests 
experienced  water  takes  less  than  0.1  ft’/min.  Therefore,  approximately 
70  percent  would  have  been  deferred  from  grouting  by  applying  commonly 
used  criteria  to  define  grout-take  refusal.  Although  very  little 
exploration  has  been  conducted  on  the  abutments,  and  none  at  higher 
elevations,  it  is  believed  that  rockmass  permeabilities  at  the  abutments 
will  be  similarly  low.  Therefore,  the  curtain  grouting  program 
described  in  the  Phase  I  document  has  been  modified  only  slightly.  It 
is  proposed  to  drill  and  grout  a  single-line  curtain  below  the  core 
centerline  on  10-foot  centers.  The  curtain  will  be  50-feet  deep  with 
two  25-foot  stages.  It  is  estimated  that  40  percent  of  the  stages  will 
be  deferred  from  grouting  and  that  every  eighth  hole  will  require  split 
spacing.  In  addition  and  subsequent  to  drilling  and  grouting  of  the 
50-foot  deep  curtain,  every  other  hole  will  be  deepened  to  1/2  the 
maximum  flood  pool  depth.  Because  of  the  expected  good  drillability  of 
the  rock  and  low  overall  rockmass  permeability,  the  holes  will  be 
stop-grouted  with  50-foot  stops.  Primary  spacing  for  this  deeper 
curtain  will  be  20  feet.  It  is  estimated  that  the  average  grout  take 
per  foot  of  hole  drilled  for  the  entire  grouting  program  will  be 
0.1  sack/ ft.  In  the  embankment  FDM,  computer  assisted  grouting  will  be 
addressed  and  its  applicability  at  the  Seven  Oaks  damsite  evaluated. 

BEDROCK  SURFACE  TREATMENT 

12-23  As  soon  as  the  curtain  grouting  is  completed  in  the  streambed 
excavation  and  immediately  before  placing  embankment  material,  the  rock 
surface  under  the  core  and  filter  zones  will  be  recleaned  to  remove  all 
loose  rock  debris  and  surface  contamination  resulting  from  the  curtain 
grouting  operations.  Open  joints  and  fractures  will  be  backfilled  with 
slurry  grout.  Localized  surface  irregularities  which  would  prevent 
proper  placement  and  compaction  of  core  material  will  be  scaled  or 
treated  with  dental  concrete.  As  the  embankment  comes  up  in  elevation 
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against  the  abutments,  rock  surfaces  under  the  core  and  filter  zones 
will  be  recleaned  and  detailed  surface  treatment  applied  immediately 
prior  to  placement  of  embankment  materials. 


Spillway 


GENERAL  EXCAVATION 

12-24  Based  upon  exploratory  data  collected  thus  far,  it  is  estimated 
that  at  least  90  percent  of  the  spillway  can  be  excavated  by  mechanical 
means.  The  results  of  the  proposed  test  excavation  from  Government 
Canyon  Ridge  are  needed  to  verify  and  quantify  this  assumption. 

Spillway  cut  slopes  on  all  but  the  hydraulic  control  section  at  the 
bottom  of  the  spillway  excavation  can  also  be  shaped  by  mechanical 
means.  Isolated  blasting  of  hard  rock  areas  may  be  required. 

SLOPE  AND  INVERT  CONTROLLED  EXCAVATION 

12-25  Controlled  blasting  will  probably  be  required  on  the  lowermost 
spillway  slopes  in  the  hydraulic  section  of  the  spillway  and  for  the 
excavation  of  the  spillway  invert.  If  blasting  is  required,  test  blasts 
in  non-critical  areas  during  construction  will  determine  the  proper 
method  of  controlled  blasting.  Test  blasts  in  Government  Canyon  Ridge 
during  the  test  excavation  will  provide  guidance  for  preliminary 
planning. 

DISPOSITION  OF  MATERIALS 

12-26  Subject  to  verification  during  the  test  excavation  and  test  fill 
contract,  it  is  expected  that,  after  stripping  of  topsoil  and  organic 
matter,  all  materials  excavated  from  the  spillway  would  be  used  in  the 
construction  of  the  embankment  without  processing.  Oversize  rocks,  if 
encountered,  would  be  removed  individually  during  loading  of  the 
materials.  Any  zones  of  particularly  soft  or  highly  fractured  material 
would  be  evaluated  for  suitability  during  construction  and  directed  to 
be  wasted  or  placed  in  miscellaneous  fill  areas  if  unsuitable  for  use  in 
the  embankment. 

SLOPE  REINFORCEMENT 

12-27  Because  of  the  expected  variable  orientation  of  the 
discontinuities  in  the  spillway  excavation  it  is  likely  that  portions  of 
the  spillway  slopes  will  require  overexcavation,  slope  reinforcement  or 
both.  The  method  of  slope  stabilization,  whether  it  be  rock  bolts,  wire 
mesh,  shotcrete  or  reconfiguration,  will  be  determined  during 
construction. 

SILL  CONSTRUCTION 

12-28  Rock  conditions  at  the  invert  sill  will  very  likely  be  identical 
to  those  encountered  during  construction  of  the  spillway  invert  and 
slopes  in  the  hydraulic  control  section.  Controlled  excavation  will  be 
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required  to  reduce  to  the  maximum  extent  possible  the  disruption  of  the 
in  situ  rockmass.  Vertical  anchors  will  be  drilled  and  grouted  in  place 
in  the  bottom  of  the  sill  trench  excavation  and  tied  to  the  steel 
reinforcement  within  the  sill. 


Drainage  Channel 

12-29  Excavation  requirements  for  the  drainage  channel  through 
Government  Canyon  Ridge  are  the  same  as  for  the  spillway,  except  that  no 
control  sill  would  be  required.  Materials  excavated  from  the  drainage 
channel,  including  overexcavation  in  the  upstream  direction,  will  likely 
be  used  in  the  lower  elevations  of  the  embankment,  with  spillway 
excavation  materials  reserved  for  the  higher  elevations  in  order  to 
minimize  transportation  costs. 


Embankment 

12-30  Criteria  for  placement  of  embankment  materials  are  preliminary 
and  are  subject  to  change  as  further  information  becomes  available 
during  the  FDM  study  phase.  Core  material  requirements  are  based  upon 
laboratory  testing  and  will  be  confirmed  in  a  verification  fill  to  be 
conducted  by  the  contractor  during  the  initial  phase  of  the  embankment 
construction  contract.  Alluvial  filter  and  shell  materials  and  rock 
materials  from  the  spillway  and  drainage  channel  excavation  will  be 
evaluated  in  a  test  excavation  and  test  fill  contract  to  be  conducted 
during  the  FDM  study  period.  See  plate  A-99  for  the  estimated 
quantities  and  distribution  of  materials  from  each  source. 

DVEHVIOOS  CORE 

12-31  Materials  from  the  impervious  borrow  area  would  be  used  for 
construction  of  the  central  core  of  the  embankment,  and  for  the  slurry 
trench  cutoff  backfill  and  upstream  impervious  blanket  proposed  for 
diversion  and  control  of  groundwater  during  excavation  of  the 
foundation. 

Material  Properties 

12-29  To  meet  design  requirements  for  the  embankment,  impervious 
materials  should  have  low  permeability,  minimal  compressibility,  be 
resistant  to  cracking,  and  be  relatively  deformable  under  large 
strains.  To  meet  these  goals,  the  borrow  materials  will  be  required  to 
have  at  least  a  specified  minimum  percent  of  fines  for  low  permeability, 
and  will  be  compacted  to  a  relatively  high  percentage  of  maximum  density 
to  minimize  post-construction  settlement  and  cracking  due  to 
differential  settlement.  To  retain  acceptable  deformability,  the 
materials  would  be  compacted  slightly  wet  of  optimum  moisture  content. 
Impervious  materials  placed  in  contact  with  foundation  bedrock  would 
receive  additional  moisture  to  increase  deformability  and  improve 
bonding  with  the  bedrock.  Slurry  trench  backfill  materials  would  be 
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mixed  with  bentonite  slurry  before  placement  in  the  slurry  trench.  The 
materials  used  for  the  impervious  blanket  used  to  connect  the  slurry 
trench  with  the  cofferdam  would  be  treated  the  same  as  the  core 
materials  in  the  embankment. 

Kxcavatlon,  Transportation  and  Processing 

12-32  Excavation  of  the  impervious  core  borrow  area  can  be  accomplished 
with  conventional  heavy  construction  equipment.  After  clearing  and 
grubbing  to  remove  irrigation  structures,  topsoil  and  vegetation, 
including  citrus  orchards,  the  borrow  area  would  be  excavated  to  an 
average  depth  of  15  feet.  Since,  generally,  the  surficial  soils  are  dry 
and  the  amount  of  fines  decreases  with  depth,  prewetting  and  vertical 
excavation  cuts  would  be  required  to  blend  the  various  soil  layers  and 
produce  a  nearly  uniform  core  material  within  the  specified  moisture  and 
gradation  ranges. 

Lift  Thickness  and  Compaction 

12-33  A  procedural  specification  for  compaction  of  impervious  materials 
will  be  used  to  obtain  the  design  density  and  moisture  content,  with  the 
method  evaluated  in  a  verification  fill  to  be  conducted  by  the 
Contractor  at  the  start  of  the  embankment  construction.  Based  on 
laboratory  tests  and  experience  with  similar  materials,  a  maximum  lift 
thickness  of  12  inches  will  be  specified  along  with  8  passes  of  a  50-ton 
rubber- tired  roller,  or  8-inch  lifts  and  8  passes  of  a  tamping  roller. 


12-34  Minus  3-inch  alluvial  materials  for  the  filter  zones  will  be 
produced  by  passing  excavated  materials  from  the  foundation  and  the 
downstream  pervious  borrow  area  over  a  grizzley  to  remove  oversize 
stones. 

Material  Properties 

12-35  The  downstream  filter  zone  must  have  a  gradation  after  placement 
and  compaction  that  meets  the  filter  criteria  described  in  section  IX  in 
order  to  prevent  migration  of  core  materials  due  to  through  seepage. 

The  upstream  filter  zone  must  be  comprised  of  cohesionless  materials 
that  cannot  sustain  an  open  crack  so  that  they  will  collapse  and  wash 
into  any  crack  that  occurs  in  the  adjacent  core  zone,  thus  plugging  the 
crack  and  reducing  the  velocity  of  flow  through  the  cracked  section. 

Kxcavatlon,  Transportation  and  Processing 

12-36  Excavation  procedures  in  the  downstream  pervious  borrow  area  to 
produce  filter  and  alluvial  transition  materials  are  dictated  by  the 
coarse  nature  of  the  alluvial  materials,  the  range  of  particle  sizes 
which  can  be  economically  transported  and  be  satisfactorily  placed  in 
the  embankment,  and  the  need  to  maintain  the  capability  of  the  area  to 
function  as  a  major  groundwater  recharge  operation.  Because  the  most 
economical  transportation  system  appears  to  be  belt  transportation,  with 


a  maximum  particle  size  capacity  of  approximately  12  inches,  the 
excavation  plan  is  geared  toward  producing  a  product  that  can  be  belt 
conveyed  and  is  also  suitable  as  embankment  fill.  Toward  this  end,  it 
is  assumed  for  estimating  costs  that,  after  clearing  and  grubbing  of 
vegetation,  spreading  basin  gate  and  drainage  structures,  and  abandoned 
building  foundations,  the  materials  would  be  pushed  with  dozers  to 
portable  grizzlies  which  would  separate  the  plus  and  minus  12-inch 
materials.  A  portion  of  the  minus  12-inch  material  would  be  passed 
through  an  additional  grizzley  screen  to  produce  a  minus  3-inch  material 
that  would  be  used  in  the  upstream  and  downstream  filter  zones.  The 
minus  3-inch  and  minus  12-inch  materials  would  alternately  feed  directly 
onto  a  belt  transportation  system  leading  to  the  damsite,  and  the  plus 
12-inch  rock  would  be  stockpiled  and  reloaded  into  trucks  for 
transportation  to  the  dam.  The  dozers  would  push  materials  from  within 
a  maximum  radius  of  about  150  feet  to  the  grizzley,  after  which  the 
separation  plant  would  be  moved  to  a  new  location.  It  is  estimated  that 
four  of  the  portable  grizzlies  would  be  required  to  meet  production 
quantities,  with  two  operating  and  two  being  moved  and  set  up  at  any  one 
time. 

12-37  For  efficient  operations,  the  depth  of  excavation  should  be  at 
least  30  feet,  and  the  conceptual  borrow  area  plan  is  based  on  this 
requirement,  as  well  as  attempting  to  avoid  unnecessary  impacts  on  the 
endangered  plants  in  the  wash,  and  the  need  to  maintain  drainage  and  the 
functional  operation  of  the  overall  area  as  a  commercial  water  spreading 
operation.  A  borrow  plan  utilizing  an  average  excavation  depth  of 
40  feet  and  a  typical  cross  section  of  the  proposed  excavation  scheme 
are  shown  on  plate  A-55.  They  show  that,  to  provide  flood  protection  to 
the  borrow  area  and  enable  efficient  excavation  depths  to  be  utilized  as 
much  as  possible,  a  berm  would  be  constructed  next  to  the  Santa  Ana 
River  streambed  at  the  southern  border  of  the  borrow  area  so  that  the 
excavation  could  be  carried  below  the  elevation  of  the  adjacent  stream 
thalweg.  The  berm,  if  necessary,  would  be  less  than  15  feet  high  and 
could  be  constructed  with  oversize  or  waste  material  from  borrow  and 
embankment  construction  operations.  In  order  to  maintain  drainage  and 
the  operation  of  the  percolation  basins  during  the  estimated  4  years  of 
borrow  operations,  borrow  excavation  is  proposed  to  be  phased  in  a 
sequencial  order  as  shown  on  plate  A-101.  After  a  significant  area  has 
been  excavated,  replacement  dikes  and  gate  structures  would  be 
constructed  so  that  water  spreading  operations  could  be  shifted  from  an 
area  that  is  next  to  be  excavated.  Since  no  more  than  about  one-fourth 
to  one-third  of  the  borrow  area  would  be  excavated  in  any  one  year,  a 
minimum  of  one-half  of  the  area  would  be  continuously  available  for 
continued  water  spreading  operations. 

12-38  Groundwater  levels  in  the  proposed  borrow  area  have  been 
monitored  by  the  San  Bernardino  Valley  Water  Conservation  District  with 
3  observation  wells,  shown  on  plate  A-55  as  wells  7B1 ,  7K1  and  12J1. 
These  well  records  indicate  that  the  depth  to  groundwater  within  the 
borrow  area  limits  has  varied  in  the  last  10  years  from  10  to  250  feet 
in  the  southern  and  western  portions  and  from  48  to  300  feet  near  the 
northern  boundary.  Currently,  the  depth  to  water  is  between  230  and 
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280  feet  in  these  wells  after  a  year  of  very  low  rainfall.  If  the  area 
experiences  1  or  2  years  of  relatively  high  rainfall,  the  groundwater 
levels  could  rise  to  within  the  proposed  borrow  depths,  causing  delays 
in  excavation  and  increases  in  construction  costs. 

Lift  Thickness  and  Compaction 

12-39  Based  on  experience  with  similar  materials  on  numerous  projects 
within  the  Los  Angeles  District,  a  maximum  lift  thickness  of  12  inches 
will  be  specified  to  minimize  the  segregation  tendencies  of  the  filter 
material.  Compaction  would  be  accomplished  with  4  passes  of  a  vibratory 
roller,  with  water  added  to  facilitate  compaction. 

ALLUVIAL  TRANSITION 

12-40  Alluvial  transition  materials  for  the  upstream  portion  of  the 
embankment  will  be  produced  from  excavation  of  the  foundation  and  the 
downstream  pervious  borrow  area.  An  additional  borrow  source,  if 
required,  would  be  the  streambed  alluvium  upstream  of  the  dam  to  the 
confluence  with  Warm  Springs  Canyon. 

Material  Properties 

12-41  The  alluvial  transition  materials  must  have  high  strength, 
resistance  to  erosion  and  deformation,  and  be  relatively  free 
draining.  Adequate  strength,  erosion  resistance  and  deformation 
resistance  can  be  obtained  by  compacting  the  naturally  hard  alluvial 
particles  to  high  degrees  of  compaction.  Compaction  above  the  critical 
void  ratio,  combined  with  the  relatively  high  permeability  if  the  amount 
of  fines  is  limited,  will  cause  the  materials  to  dilate  and  prevent  high 
induced  pore  pressures  and  resultant  loss  of  strength  during  earthquake 
shaking. 

Excavation,  Transportation  and  Processing 

12-42  Excavation,  transportation  and  processing  of  alluvial  transition 
materials  from  the  downstream  pervious  borrow  area  have  been  described 
in  the  preceding  paragraphs  on  filter  materials.  Materials  obtained 
from  the  foundation  excavation  and  upstream  pervious  borrow  area  would 
be  excavated  with  a  combination  of  dozers  and  loaders  and  hauled  to  a 
grizzley  plant  in  offroad  trucks.  The  materials  would  be  screened  on 
the  grizzley  to  produce  plus  and  minus  12-inch  materials,  and  hauled 
back  to  the  embankment  in  trucks. 

Lift  Thickness  and  C cm paction 

12-43  The  lift  thickness  and  compaction  requirements  for  the  alluvial 
transition  material  will  be  determined  by  evaluation  of  the  test  fill  to 
be  conducted  during  the  FDM  study  phase.  Lift  thicknesses  of  18,  24  and 
30  inches  will  be  tested  with  12  and  18  inch  maximum  stone  sizes. 
Vibratory  steel-wheeled  and  rubber-tired  rollers  will  be  evaluated  with 
varying  numbers  of  passes  for  each  lift  thickness. 
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DOWNSTREAM  TRANSITION 


12-44  Materials  for  the  downstream  transition  zone  will  be  produced  by 
excavation  of  the  spillway  and  the  drainage  channel  through  Government 
Canyon  Ridge.  Materials  excavated  from  the  outlet  works  tunnel  and  the 
abutments  will  also  be  evaluated  for  suitability  as  embankment  fill 
materials  for  this  zone.  Since  the  drainage  channel  represents  a  source 
of  low  elevation  materials,  compared  to  the  spillway,  it  is  expected 
that  the  initial  downstream  transition  construction  would  utilize  these 
materials.  After  the  embankment  elevation  is  increased,  it  will  become 
more  cost  effective  to  begin  hauling  spillway  materials  to  the 
embankment. 

Material  Properties 

12-45  The  properties  of  the  materials  to  be  used  in  the  downstream 
transition  will  be  investigated  in  the  test  fill  contract  during  the  FDM 
study  phase.  Preliminary  evaluation  based  on  drill  logs  and  rock 
quality  tests  on  drill  cores  indicate  that  the  construction  materials 
are  likely  to  be  relatively  compressible  and  impervious  compared  to  the 
alluvial  transition  materials  in  zone  3.  Variation  in  particle  size  and 
rock  quality  during  excavation  is  expected  to  result  in  a  corresponding 
variation  in  strength  and  compressibility  in  the  fill  materials. 

Excavation,  Transportation  and  Processing 

12-1)6  Excavation  of  the  spillway  and  drainage  channel  is  discussed  in 
detail  in  paragraphs  12-21)  through  12-29.  It  is  anticipated  at  this 
stage  of  investigation  that  processing  of  the  excavated  materials  will 
not  be  required  to  produce  acceptable  embankment  fill.  Occasional 
oversize  stones  or  seams  or  zones  of  soft  rock  will  be  evaluated  when 
encountered  and  wasted  if  not  suitable  for  miscellaneous  or  embankment 
fill.  For  estimating  purposes,  it  is  assumed  that  the  excavated 
materials  would  be  loaded  into  offroad  trucks  with  front  end  loaders  and 
hauled  to  the  dam. 

Lift  Thickness  and  Compaction 

12-47  The  lift  thickness  and  compaction  requirements  for  the  downstream 
transition  materials  will  be  determined  by  evaluation  of  the  test 
excavation  of  Government  Canyon  Ridge  and  test  fill  to  be  conducted 
during  the  FDM  study  phase.  The  excavation  and  test  fill  program  will 
investigate  the  compaction  characteristics  of  materials  produced  by 
varying  excavation  and  compaction  methods.  For  estimating  purposes,  it 
may  be  assumed  that  the  material  would  be  spread  in  12-inch  thick  lifts 
and  compacted  with  4  passes  of  a  rubber- tired  or  vibratory  steel-wheeled 
roller. 

SBELL 

12-48  Materials  for  the  outer  shells  of  the  embankment  would  be 
produced  by  processing  alluvial  materials  through  a  grizzley  to  remove 
the  minus  12- inch  material  and  removing  plus  30-inch  stones 
individually. 


A-XII-13 


Material  Properties 

12-49  Oversize  stones  from  the  pervious  borrow,  upstream  borrow  and 
foundation  excavation  would  be  limited  to  a  maximum  diameter  of 
30  inches  in  order  to  facilitate  handling. 

Kxoavatioc,  Transportation  and  Processing 

12-50  The  oversize  shell  materials  will  be  excavated  and  processed  as 
described  in  the  section  on  filter  materials.  Stone  in  the  stockpiles 
in  the  borrow  areas  will  be  loaded  into  large  offroad  trucks,  hauled  to 
the  embankment,  and  spread  by  bulldozers.  After  spreading,  a  layer  of 
smaller  alluvial  or  abutment  excavation  material,  with  a  maximum 
particle  size  of  12  inches  would  be  placed  over  the  shell  materials  to 
improve  trafficability.  The  traffic  layer  would  not  be  permitted  in  the 
outer  few  feet  of  the  zone  since  that  portion  is  also  providing  slope 
protection. 

Lift  Thickness  and  Compaction 

12-51  The  estimated  lift  thickness  for  shell  materials  with  diameters 
ranging  from  12  to  30  inches  is  36  inches.  Compaction  would  be 
accomplished  with  vibratory  rollers  and  supplemented  by  the  action  of 
the  bulldozers  during  spreading  and  the  controlled  movement  of  haul 
trucks  over  the  fill. 


Boads 


CONSTRUCTION  HOADS 

12-52  Design  and  construction  of  temporary  construction  roads  in 
accordance  with  applicable  safety  standards  will  be  the  responsibility 
of  the  Contractor.  The  Corps  will  delineate  haul  route  corridors  and 
the  location  of  utilities  that  need  to  be  protected.  Erosion  control 
measures  acceptable  to  the  U.S.  Forest  Service  will  be  required  on  all 
roads,  as  will  mitigation  for  environmental  damage. 

Truck  Transportation  Haul  Roads 

12-53  Haul  roads  for  truck  transportation  of  embankment  fill  materials 
and  for  equipment  and  personnel  access  will  be  required  to  bring 
material  from  the  borrow  sources  and  deliver  it  to  various  elevations  on 
the  embankment.  Traffic  control  will  be  required  where  the  haul  road 
from  the  downstream  pervious  borrow  area  crosses  Greenspot  Road.  A 
common  road  up  the  streambed  from  the  canyon  mouth  can  be  used  for 
materials  from  the  Impervious  and  downstream  pervious  borrow  areas. 
Temporary  roads  that  are  constructed  along  the  canyon  walls  will  have 
maximum  cut  slopes  of  4V  on  1H  in  rock  and  IV  on  1H  in  soil.  Maximum 
fill  slopes  would  be  IV  on  1.5H.  Haul  roads  and  temporary  access  roads 
will  be  constructed  with  materials  from  required  excavation  for  the 
roads  or  with  miscellaneous  fill  materials  that  are  not  suitable  for 
embankment  fill. 
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Belt  Transportation  Maintenance  Roads 

12-5M  If  minus  12-inch  materials  from  the  downstream  pervious  borrow 
area  are  transported  to  the  damsite  on  a  belt  system,  a  maintenance  road 
next  to  the  belt  will  be  required.  The  road  would  be  approximately 
15  feet  wide  and  would  be  constructed  with  required  excavation  for  the 
road  or  miscellaneous  fill  materials  not  suitable  for  embankment  fill. 

PERMANENT  ACCESS  ROADS 

12-55  Permanent  access  to  the  top  of  the  embankment  and  the  reservoir 
area  will  be  provided  by  an  all-weather  asphalt-paved  road  from  Alder 
Creek  Road  to  the  top  of  the  dam  at  the  right  abutment,  across  the  top  of 
the  dam,  and  then  past  the  spillway  to  Warm  Springs  Canyon,  where  it  will 
connect  with  an  existing  access  road  to  the  3tream  bottom  area.  The  road 
would  be  designed  in  accordance  with  the  requirements  in  TM  5-822-5, 
"Engineering  and  Design,  Flexible  Pavements  for  Roads,  Streets,  Walks, 
and  Open  Storage  Areas." 

Materials 

12-56  Suitable  materials  for  the  road  base  would  be  available  from 
required  excavation  for  the  road.  Asphalt  materials  for  the  surface 
layers  would  be  obtained  from  commercial  sources  in  the  vicinity. 

Placement  Requirements 

12-57  Subgrade,  base  course  and  surface  materials  would  be  placed  and 
compacted  in  accordance  with  TM  5-822-5.  Permanent  cut  slopes  would  be 
MV  on  1H  in  rock  and  IV  on  2H  in  soil.  The  maximum  fill  slope  would  be 
IV  on  1.5H. 


Relocations 

ROADS 

12-58  Alternate  access  to  the  Southern  California  Edison  facilities  in 
Santa  Ana  River  Canyon  must  be  provided  when  construction  of  Seven  Oaks 
Dam  begins.  Design  and  construction  of  the  roads  will  be  a  project 
requirement.  Investigations  and  detailed  design  of  the  roads  will  be 
accomplished  during  the  FDM  study  phase. 

POKE RL INKS 

12-59  Relocation  of  Southern  California  Edison  powerlines  in  the 
reservoir  area  will  be  required. 
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XIII.  CONSTRUCTION  SCHEDULE 


13-01  The  construction  schedule  for  Seven  Oaks  Dam  is  influenced  by 
significant  design  investigations  for  the  main  embankment,  spillway,  and 
outlet  works  that  remain  to  be  completed  during  Feature  Design  Memorandum 
studies.  The  Phase  II  General  Design  Memorandum  investigations,  however, 
have  enough  information  to  be  able  to  prepare  plans  and  specifications 
for  two  preliminary  construction  contracts  that  would  significantly 
shorten  the  time  required  to  construct  the  dam  and  appurtenant  structures 
once  the  FDM's  are  completed.  The  two  preliminary  construction  contracts 
include  the  test  excavation  and  test  fills  contract,  and  the  abutment 
excavation  contract.  These  preliminary  construction  contracts,  as  well 
as  the  outlet  works  FDM  and  construction,  will  need  to  be  completed  in  a 
timely  manner  during  the  FDM  study  phase  to  provide  data  for  the  design 
and  analysis,  to  provide  information  for  the  main  construction  contract, 
and  to  reduce  overall  costs  of  construction  by  reducing  the  time  required 
for  construction.  The  construction  schedule  and  work  associated  with 
these  contracts,  in  addition  to  the  outlet  works  and  the  embankment  and 
spillway  construction  schedules,  are  discussed  in  this  chapter. 


Test  Excavation  and  Test  Fills 


GENERAL 

e 

13-02  A  detailed  investigation  of  alluvial  materials  in  the  dam 
foundation,  a  test  excavation  of  bedrock  along  Government  Canyon  Ridge, 
and  test  fills  with  alluvial  foundation  and  bedrock  materials  are  the 
main  components  of  the  first  construction  start.  Impervious  core 
material  would  not  be  included  in  the  test  fill  contract  since  it  would 
involve  constructing  haul  roads  from  the  borrow  area  and  developing  the 
borrow  area  well  in  advance  of  construction  of  the  dam.  Instead,  a 
verification  fill  using  core  borrow  material  is  proposed  to  take  place 
during  the  beginning  stages  of  the  main  embankment  contract. 

Furthermore,  the  core  materials  are  easily  tested  in  the  laboratory.  In 
contrast,  the  test  excavation  and  test  fills  contract  represents  a 
multi-purpose  investigation  of  materials  which  cannot  readily  be  tested 
in  the  laboratory.  The  intent  of  this  contract  is  to  gain  both 
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quantitative  and  qualitative  information  on  foundation  conditions, 
construction  methods,  material  properties,  quantities,  cost,  and  quality 
control  testing  methods.  The  detailed  information  obtained  from  the 
test  excavation  and  test  fills  is  required  to  complete  the  analysis  and 
design,  and  for  economical  construction  of  the  dam.  Results  of  these 
investigations  would  be  presented  in  the  Embankment  and  Spillway  FDM  due 
to  be  completed  in  1992.  The  features  of  the  investigation  program 
incorporated  in  the  test  excavation  and  test  fills  contract  are 
discussed  in  the  following  paragraphs. 

DAM  FOUMDATIO*  IHVESTIGATHWS 

13-03  The  purpose  of  the  investigation  of  alluvial  foundation  materials 
would  be  threefold:  (1)  to  obtain  material  properties  required  to 
further  evaluate  the  foundation  conditions  and  to  be  used  in  the  static 
and  dynamic  analyses  for  the  FDM,  (2)  to  evaluate  construction  methods 
in  order  to  incorporate  such  information  in  the  preparation  of  the 
embankment  contract,  and  (3)  to  obtain  a  sufficient  quantity  of 
materials  to  construct  the  alluvial  test  fill.  In  order  to  accomplish 
these  goals  a  variety  of  field  and  laboratory  tests  would  be  conducted 
to  obtain  both  quantitative  and  qualitative  information  on  the 
foundation  conditions.  The  field  testing,  as  subsequently  described, 
would  consist  of  geophysical  testing,  foundation  excavation,  and  in  situ 
testing.  Laboratory  testing  would  consist  of  particle  size  and 
large-scale  vibrated  maximum  density  determinations. 

13-04  Geophysical  testing  would  be  performed  at  the  locations  of  three 
existing  sets  of  crosshole  borings  in  the  streambed  within  the  limits  of 
the  embankment.  These  borings  have  been  drilled,  cased  and  grouted  in 
the  embankment  foundation  to  the  specifications  of  ASTM  D  4428  for 
crosshole  seismic  testing.  The  crosshole  sets  are  located  near  the 
upstream  and  downstream  toes  and  near  the  centerline  of  the  dam  as  shown 
on  plate  A- 102.  All  holes  were  drilled  to  bedrock  at  depths  of  90  feet 
or  greater  with  a  rotary  wash  drill  rig.  A  profile  of  shear  wave 
velocity  will  be  developed  from  the  test  results.  An  evaluation  of  the 
test  results  to  determine  dynamic  moduli  and  relative  densities  within 
the  foundation  will  be  made. 

13-05  At  the  location  of  the  three  crosshole  sets,  the  foundation  would 
be  investigated  by  excavating  large  test  pits  to  a  depth  of  40  feet. 

The  test  pits  would  have  20  by  20  foot  base  dimensions,  IV  on  1H  side 
slopes  on  three  sides,  and  IV  on  6H  access  ramps,  and  would  each  yield 
approximately  15,600  yd3  of  excavated  materials.  Large-scale  in  situ 
density  testing  and  gradation  sampling  would  be  conducted  at  5-foot 
depth  intervals  within  the  excavation  thus  providing  information  on  the 
foundation  conditions  in  the  critical  areas  near  each  toe.  Comparison 
of  in  situ  densities  and  corrected  laboratory  large-scale  vibrated 
maximum  densities  would  assist  in  the  evaluation  of  foundation 
conditions.  A  profile  of  gradation  and  density  varying  with  depth  will 
augment  the  geophysical  test  results  and  assist  in  characterizing  the 
foundation  conditions.  In  addition,  the  development  of  relationships 
between  the  properties  of  the  matrix  fraction  and  those  of  the  total 
in  situ  sample  will  be  investigated  as  a  possible  means  of  evaluating 
the  foundation  conditions. 
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13-06  Because  the  groundwater  level  is  normally  about  10  to  15  feet 
below  the  surface,  the  test  pits  would  need  to  be  dewatered  by  drilling 
approximately  5  wells  around  each  site  and  installing  submersible  pumps. 
To  obtain  information  on  both  saturated  and  drained  conditions,  crosshole 
geophysical  surveys  would  be  conducted  before  and  after  drawdown  of  the 
groundwater  surface.  By  measuring  drawdown  rates  in  adjacent  wells, 
additional  permeability  values  for  the  foundation  would  be  obtained. 
Materials  excavated  for  the  density  tests  would  be  used  to  determine  the 
matrix  gradation  since  boulders  larger  than  1  foot  in  diameter  are 
difficult  to  excavate  by  hand.  Visual  observations  of  the  stratification 
within  the  test  pit  would  augment  the  matrix  gradations  in  order  to 
better  describe  the  foundation  materials. 

ALLUVIAL  TEST  FILL 

13-07  The  purpose  of  an  alluvial  test  fill  would  be  (1)  to  evaluate 
construction  methods  which  could  be  used  in  the  construction  of  zone  3 
of  the  embankment;  (2)  to  observe  the  behavior  of  alluvial  materials 
during  placement  and  compaction;  (3)  to  form  a  basis  for  determination 
of  design  values  for  the  alluvial  materials  used  in  construction;  and 
(4)  to  provide  more  detailed  information  on  material  quantities  and 
cost.  In  addition,  information  would  be  obtained  to  evaluate  whether 
foundation  conditions  could  be  improved  by  excavating  the  in  situ 
alluvium  and  replacing  it  with  compacted  fill. 

13-08  The  alluvial  test  fill  would  be  constructed  using  representative 
materials  excavated  from  the  test  pit  and  test  fill  foundations. 

Oversize  rocks  would  be  removed  from  the  excavated  materials  by  passing 
the  materials  through  a  grizzley  prior  to  being  placed  in  the  test  fill. 
The  remaining  minus  12-inch  and  minus  18-inch  materials,  approximately 
30,000  yd’,  would  be  placed  in  the  test  fill  in  varying  lift  thicknesses 
and  then  compacted  with  varying  levels  of  compactive  effort  as 
illustrated  on  plate  A- 102.  The  compaction  equipment  specified  to  be 
supplied  for  the  alluvial  test  fill  would  include  5-  to  10-ton  and  15- 
to  20-ton  steel  wheel  vibratory  rollers.  Large-scale  in  situ  density 
tests  would  be  conducted  in  the  test  fill  to  evaluate  compaction  and 
segregation  associated  with  various  maximum  particle  sizes  and  lift 
thicknesses.  Survey  control  points  on  the  test  fill  would  be  measured 
periodically  to  evaluate  the  effects  of  compaction  on  the  various  fill 
materials.  Trenches  would  be  excavated  through  the  various  layers  upon 
completing  the  test  fill  to  evaluate  the  condition  of  the  compacted 
layers  and  to  further  check  for  segregation  of  particles.  Densities 
obtained  in  the  test  fill  would  be  compared  to  those  of  the  in  situ 
foundation  and  rock-corrected  laboratory  maximum  densities.  Additional 
comparisons  would  be  available  by  drilling  a  set  of  crosshole  borings  in 
the  completed  test  fill  and  conducting  geophysical  surveys.  If 
practical,  field  permeability  tests  would  be  conducted  in  the  test  fill 
to  obtain  parameters  to  be  used  in  the  detailed  stability  analysis  of 
the  embankment.  A  schedule  of  proposed  tests  associated  with  the 
alluvial  test  fill  is  shown  in  table  A- 68.  Results  obtained  from  the 
test  fill  would  be  incorporated  in  the  preparation  of  construction 
specifications  for  the  embankment  zones  to  be  constructed  with  alluvial 
materials. 
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TEST  SXCAVATIOH  AMD  BOCK  TEST  PILL 


13-09  In  conjmction  with  the  alluvial  test  fill,  a  test  excavation  and  J 

test  fill  would  be  conducted  to  evaluate  the  bedrock  materials  that 

would  be  produced  by  the  required  excavation  of  the  spillway  and 

drainage  channel.  Geologic  investigations  and  laboratory  tests  indicate 

that  the  bedrock  is  relatively  soft  and  highly  fractured.  The 

investigations  suggest  that  these  materials  may  degrade  during 

excavation  and  compaction  to  a  relatively  poor  draining,  compressible 

embankment  fill  that  does  not  meet  the  classification  requirements  for  a 

rockfill.  A  test  excavation  in  the  area  of  the  drainage  channel  through 

Government  Canyon  Ridge  is  proposed  to  obtain  information  on  cost  and 

feasibility  of  different  excavation  methods,  and  to  obtain  materials  for 

the  test  fill.  The  purpose  of  the  rock  test  fill  is  to  evaluate  the 

behavior  of  the  rock  fill  and  construction  methods.  The  compaction 

equipment  specified  to  be  supplied  for  the  rock  test  fill  would  include 

a  5-  to  10-ton  and  a  15-  to  20-ton  steel  wheel  vibratory  roller  and  a 

50-ton  pneumatic  tire  roller.  A  plan  and  typical  section  of  the  test 

exca-vation  and  rock  test  fill  is  shown  on  plate  A- 102.  The  drainage 

channel  location  was  selected  over  the  spillway  site  due  to 

accessibility  considerations  which  significantly  influence  the  cost  of 

the  test  excavation. 

13-10  The  drainage  channel  excavation  would  consist  of  removing  the 
more  weathered  rock  near  the  surface,  down  to  elevation  2,325,  and  using 
it  to  begin  construction  of  a  haul  road  down  Government  Canyon  to  the 
test  fill  site  in  the  streambed.  With  the  floor  of  the  excavation  at 
elevation  2,325,  two  or  three  exploratory  wireline  core  holes  would  be 
drilled  within  the  test  excavation  area.  The  quantitative  rock  quality 
data  from  the  drilling  would  be  used  in  evaluation  of  the  subsequent 
test  excavation  and  test  fill  data.  Materials  removed  between  elevation 
2,325  and  2,2 60  would  be  excavated  partially  by  drilling  and  blasting 
and  partially  by  mechanical  ripping  to  provide  approximately  15,000  yd^ 
for  the  rock  test  fill.  On  the  basis  of  exploration  conducted  thus  far, 
the  portion  below  elevation  2,300  is  thought  to  be  representative  of  the 
majority  of  rock  that  would  be  excavated  from  the  spillway  and 
Government  Canyon  Ridge.  The  material  above  elevation  2,300  is  believed 
to  be  somewhat  inferior  in  quality,  however,  a  portion  of  this  rock 
would  also  be  evaluated  in  a  test  fill.  The  test  fill  would  evaluate 
the  parameters  of  lift  thicknesses,  compactive  effort,  segregation, 
permeability,  and  particle  breakdown.  A  schedule  of  proposed  testing  of 
the  rock  test  fill  is  shown  in  table  A-69.  The  results  would  provide  a 
basis  for  determination  of  design  values,  embankment  zonation  and 
construction  specifications. 

13-11  In  order  to  evaluate  the  settlement  characteristics  of  the 
foundation  and  test  fill  materials,  the  top  10  feet  of  streambed 
alluvium  would  be  removed  in  the  area  of  the  test  fills  and  the 
foundations  prepared  in  a  manner  similar  to  what  is  anticipated  for  the 
remainder  of  the  embankment.  These  excavated  materials  would  be  used 
with  the  foundation  test  pit  materials  in  the  alluvial  test  fill,  which 
would  be  constructed  adjacent  to  the  rock  test  fill.  Lessons  learned  in 
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the  excavation  and  preparation  of  the  test  fill  sites  would  be  applied 
to  specifications  for  construction  of  the  dam.  If  the  completed  rock 
test  fill  does  not  meet  the  requirements  for  embankment  fill,  it  would 
be  removed  as  part  of  the  main  dam  construction  contract. 

OUTLET  WORKS  PORTAL  EXCAVATION 

13-12  To  enable  exploratory  adits  to  be  excavated  at  the  intake  and 
outlet  portals  for  the  outlet  works,  equipment  mobilized  for  test  fills 
would  also  be  used  to  excavate  the  colluvial  and  alluvial  overburden  at 
these  locations.  A  total  of  approximately  40,000  yd’  would  need  to  be 
removed  to  expose  the  bedrock  at  the  elevation  of  the  proposed  portals. 
The  approximate  limits  of  the  excavations  are  shown  on  plate  A-102. 
Because  of  expected  impacts,  relocation  of  the  graves  near  the  outlet 
portal  and  the  Southern  California  Edison  access  road  at  both  portals 
will  be  necessary  before  excavation  can  be  initiated. 

OUTLET  WORKS  ADITS 

13-13  An  adit  will  be  excavated  at  each  portal  during  the  FDM  stage. 

The  upstream  adit  will  be  500  feet  long  and  the  downstream  adit  200  feet 
long  in  rock.  Both  adits  will  be  a  nominal  6  feet  wide  by  7  feet  high 
supported  where  necessary.  Also,  both  will  be  located  within  the 
proposed  outlet  works  excavation  so  the  adits  will  not  interfere  with 
any  of  the  final  structures.  The  purpose  of  the  adits  is  to  determine 
the  joint  and  other  fracture  patterns  and  the  presence  of  significant 
shears  for  excavation  and  support  design  in  the  critical  portal  areas. 
Because  of  the  high  regional  tectonic  activity,  abnormal  residual 
stresses  could  be  present  which  could  affect  the  tunnel  support  design. 
At  least  one  of  the  adits  will  be  used  to  determine  possible  stresses  by 
means  of  flat  jack  testing.  The  adits  will  also  provide  a  means  for 
bidders  for  the  outlet  works  construction  to  visually  inspect  site 
conditions. 

STREAMBOTTGM  EQUIPMENT  ACCESS  ROAD 

13-14  An  access  road  suitable  for  mobilization  of  equipment  for  the 
test  excavation  and  test  fills  would  be  constructed  as  the  first  part  of 
this  contract.  Beginning  at  Greenspot  Road,  just  north  of  the  Santa  Ana 
River  bridge  crossing,  a  new  road  will  be  constructed  along  the 
streambed  to  connect  with  the  existing  exploration  access  road  that 
starts  at  the  paved  road  next  to  SCE  powerhouse  No.  3  at  the  mouth  of 
the  canyon.  A  concrete  encasement  will  be  constructed  to  protect  the 
flume  carrying  water  from  the  powerhouse  to  the  spreading  basins.  The 
current  exploration  access  road  between  the  mouth  of  the  canyon  and  the 
damsite  will  be  regraded  and  widened  to  allow  safe  use  by  the  higher 
volumes  of  traffic  expected  during  the  test  fill  construction. 

13-15  Construction  of  the  test  fills  contract  work  would  require  4  to 
6  months  to  complete.  According  to  the  present  schedule,  about 
12  months  would  remain  in  which  to  complete  laboratory  testing,  evaluate 
the  data,  incorporate  results  into  the  design  and  analysis,  and  present 
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them  in  the  Feature  Design  Memorandum  for  the  embankment.  The  plans  and 
specifications  for  construction  of  the  dam  would  be  prepared  after 
approval  of  the  FDM. 


Outlet  Harks 

13-16  Construction  will  begin  with  additional  subsurface  investigations 
and  development  of  the  final  design.  Following  completion  of  the 
Feature  Design  Memorandum  and  development  of  the  plans  and  specifications 
actual  construction  will  commence.  The  construction  will  be  divided 
into  two  phases;  the  first  phase  sufficient  for  flow  diversion  during 
construction  of  the  embankment  and  the  second  phase  with  installation  of 
the  regulating  and  other  mechanical  and  electrical  items.  The  initial 
phase,  which  includes  all  excavation,  completion  of  the  channels  and 
energy  dissipator,  lining  of  the  tunnel  and  construction  of  the  basal 
portion  of  the  inlet  and  outlet  structure,  will  be  completed  in  the 
spring  of  the  following  year.  Following  a  hiatus  until  the  construction 
of  the  embankment  begins,  phase  two  will  be  completed.  Bar  charts 
depicting  the  outlet  works  construction  schedule  are  presented  in  the 
Main  Report  of  Volume  1 . 


Abutment  Excavation 

13-17  A  construction  contract  to  excavate  the  majority  of  the 
overburden  soils  and  loose  rock  on  the  abutments  in  advance  of  the  main 
embankment  construction  is  scheduled  to  follow  the  test  fill  activities. 
It  is  designed  to  reduce  the  time  required  to  complete  the  embankment 
construction  after  completion  of  the  FDM,  and  to  provide  additional 
information  for  preparation  of  the  plans  and  specifications  for  the  dam. 
Approximately  6  months  would  be  required  to  complete  the  abutment 
excavation.  A  detailed  description  of  the  construction  requirements  for 
this  contract  is  in  section  XII  of  this  appendix. 


Embankment  and  Spillway 

13-18  The  main  construction  contract  for  the  embankment  and  spillway  is 
scheduled  to  begin  after  completion  of  the  embankment  FDM.  The 
estimated  schedule  of  the  various  stages  of  construction  discussed  in 
the  following  paragraphs  assumes  that  the  abutments  have  been  excavated 
in  a  previous  contract  and  that  the  outlet  tunnel  is  capable  of  being 
used  for  diversion  and  control  of  surface  flows. 

DIVERSION  AND  CONTROL  OF  WATER 

13-19  Diversion  and  control  facilities,  including  the  slurry  trench 
cutoff  and  the  cofferdam,  would  be  constructed  during  the  winter  of  the 
first  year  of  the  construction  contract  so  that  below  streambed 
construction  could  begin  at  the  start  of  the  next  dry  season.  During 
this  period  the  Contractor  would  mobilize  equipment,  construct  access 
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and  haul  roads,  and  prepare  processing  equipment  for  borrow  operations. 
Access  to  the  area  upstream  of  the  dam  must  be  provided  before 
excavation  of  the  foundation  trench  can  commence. 

FOUNDATION  EXCAVATION 

13-20  Foundation  excavation  can  begin  at  the  start  of  the  dry  season  if 
protection  from  flood  flows  is  provided  by  the  outlet  works  tunnel  and 
cofferdam.  Completion  of  the  cofferdam  to  design  height  is  required  as 
soon  as  possible  to  reduce  the  risk  of  inundation  of  the  construction 
site.  Excavation  of  streambed  materials  down  to  bedrock  within  the 
central  area  and  to  a  depth  of  20  feet  over  the  remainder  of  the 
embankment  footprint  is  expected  to  take  approximately  three  months. 

FOUNDATION  TREATMENT 

13-21  Treatment  of  the  exposed  abutments  and  foundation  will  begin  as 
soon  as  possible  after  being  exposed  by  the  streambed  excavation  in 
order  to  complete  the  below  streambed  activities,  including  surface 
treatment,  drilling  and  grouting,  and  embankment  fill  in  the  shortest 
practical  time,  thereby  reducing  the  risk  of  damages  and  delays  from 
flood  flows.  Foundation  treatment  in  the  bottom  of  the  trench  is 
expected  to  be  completed  in  approximately  H  months,  so  that  embankment 
fill  materials  can  begin  to  be  placed. 

BELOW  STREAMBED  EMBANKMENT  FILL 

13-22  Belcw  streambed  embankment  fill  will  begin  as  soon  as  curtain 
grouting  and  surface  treatment  of  the  bedrock  surface  is  completed  in 
the  bottom  of  the  foundation  trench.  Because  of  the  restricted  work 
space  and  special  requirements  for  initial  lifts  of  impervious 
materials,  production  rates  will  be  relatively  low  during  the  early 
stages  of  below  streambed  embankment  fill  operations.  It  is  estimated 
that  a  reasonable  time  required  to  regain  streambed  elevation  after 
commencement  of  foundation  excavation  would  be  approximately  8  to 
12  months. 

ABOVE  STREAMBED  EMBANKMENT  FILL 

13-23  The  construction  schedule  for  the  remainder  of  the  dam  is  based 
on  the  assumption  that  fill  above  the  streambed  level  can  be  placed  at 
an  average  rate  of  1,000,000  yd^  per  month.  Estimates  indicate  that 
this  rate  could  be  accomplished  by  working  2  10-hour  shifts  per  day, 

6  days  per  week. 
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Table  fl-68.  ALLUVIAL  TEST  FILL,  TESTING  SCHEDULE 
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Table  fl-69.  ROCK  TEST  FILL,  TESTING  SCHEDULE 
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IN  SITU  PERMEABILITY  TEST 
PLATE  LOAD  TEST 
GEOPHYSICAL  TESTING 


I 


m.  QUALITY  CONTROL 


Quality  Control  Testing  Program 

14-01  The  quality  control  testing  program  for  Seven  Oaks  Dam  would 
consist  of  material  acceptance  tests,  construction  quality  control 
tests,  and  record  tests.  Acceptance  tests  are  conducted  on  materials 
used  in  appurtenant  structures  and  deal  with  materials  such  as  metals, 
waterstops,  joint  sealants,  and  some  materials  associated  with  concrete 
construction.  Materials  acceptance  tests  exceed  the  capability  of  local 
laboratories  and  are  conducted  by  either  the  South  Pacific  Division 
laboratory  or  the  Waterways  Experiment  Station  and  the  test  results 
determine  the  acceptability  of  the  material  for  use  in  the 
construction.  Upon  developing  feature  design  details,  the  scope  of 
acceptance  testing  would  be  determined.  The  following  paragraphs 
describe  construction  quality  control  tests  and  record  tests  as  they 
relate  to  embankment  construction. 


Construction  Quality  Control  Testing 
CONTRACTOR  QUALITY  CONTROL 

14-02  The  Contractor  will  be  required  to  provide  quality  control 
testing  of  materials  that  are  placed  in  the  embankment  in  order  to  show 
that  they  meet  specification  requirements.  Testing  will  be  conducted 
before  compaction.  A  description  of  tests  for  each  material  is  provided 
in  this  section. 

GOVERNMENT  QUALITY  ASSURANCE 

14-03  The  Government  will  provide  inspection  of  construction  operations 
and  quality  assurance  testing  of  embankment  materials  after  compaction 
to  insure  that  design  assumptions  for  foundation  conditions,  density, 
seepage,  strength  and  consolidation  are  adequately  met.  The  quality 
assurance  testing  can  be  accomplished  with  Government  personnel  or  a 
combination  of  Government  and  private  industry  personnel  as  described 
below. 
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14-04  Inspection  of  geotechnical  construction  operations  critical  to 
the  safety  and  performance  of  the  embankment  will  be  conducted  by 
experienced  personnel  familiar  with  the  design  criteria  for  the 
embankment.  These  operations  include  outlet  works  excavation,  slurry 
trench  backfill,  foundation  grouting,  surface  treatment,  placement  and 
compaction  procedures,  and  installation  of  instrumentation  equipment. 

To  assist  in  the  inspection  and  evaluation  of  construction  operations, 
the  Los  Angeles  District  Geotechnical  Branch  will  provide  a  project 
geologist  and  an  embankment  engineer  who  are  familiar  with  the  project 
design  as  technical  assistants  to  the  Resident  Engineer. 

14-05  The  Government  quality  control  testing  staff  will  include,  at  the 
very  least,  a  supervisor  of  laboratory  testing  for  the  embankment 
materials  and  an  assistant  to  supervise  the  expected  second  shift 
operations.  These  personnel  will  need  to  be  experienced  in  soil  testing 
and  construction  procedures,  and  proficient  in  compiling  and  reporting 
test  data  in  a  timely  manner  so  that  conditions  that  may  adversely 
effect  the  embankment  safety  are  adequately  monitored.  Additional 
personnel  to  perform  field  and  laboratory  testing  can  be  provided  by 
Government  employees  with  soil  testing  experience,  either  civilian  or 
regular  army,  or,  if  not  readily  available,  by  contract  with  a  private 
soils  testing  firm  as  described  in  the  following  paragraph. 

Contract  Testing  Laboratory 

14-06  Trained  technicians  with  soils  testing  experience  can  be  provided 
to  perform  field  and  laboratory  tests  by  contract  with  a  private  soils 
testing  firm  as  was  done  at  Warm  Springs  Dam.  A  description  of  the 
tests  required  and  the  expected  frequency  of  testing  was  the  basis  for 
an  advertised  contract  where  the  bidders  were  required  to  submit  a 
competitive  bid  to  provide  personnel  to  perform  the  tests  at  a  unit 
price  per  test.  This  method  allowed  for  a  reasonable  variation  in 
number  and  frequency  of  testing  due  to  construction  schedule  shifts  and 
weather  delays.  The  testing  personnel  were  supervised  by  the  Government 
laboratory  director  to  provide  tests  necessary  for  quality  assurance 
testing  of  the  embankment.  For  maximum  flexibility,  a  contract  would  be 
for  a  one  year  period  with  a  provision  included  in  the  contract  to 
extend  it  for  an  additional  period  if  results  are  satisfactory  and  it  is 
mutually  agreeable  to  both  parties. 

TESTS 

14-07  The  following  summary  of  construction  control  tests  is 
preliminary  and  subject  to  change  upon  further  evaluation  during  the  FDM 
design  phase.  The  test  fill,  scheduled  to  be  constructed  as  the  first 
construction  start  at  Seven  Oaks  Dam,  is  expected  to  be  the  basis  for 
material  testing  and  construction  procedure  specifications  for  all  but 
the  filter  and  impervious  core  materials. 
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14-08  Before  compaction,  impervious  core  materials  delivered  to  the 
embankment  will  be  tested  by  the  Contractor  for  compliance  with 
specifications  for  maximum  particle  size,  gradation  limits  and  moisture 
content.  Moisture-density  relationships  will  be  developed  through  a 
family  of  five-point  compaction  curves  to  determine  maximum  density  and 
optimum  moisture  values  for  the  range  of  core  materials.  After 
compaction,  in  situ  density  and  moisture  content  will  be  determined 
through  Government  quality  assurance  testing,  primarily  with' sand  cone 
density  tests.  Nuclear  methods  will  be  used  for  quick  tests  of  density 
and  moisture  contents  only.  Relative  compaction  values  will  be 
determined  with  a  one-point  or  three-point  compaction  test  for  every 
sand  cone  test,  and  a  smaller  number  of  five-point  compaction  tests. 
Gradation  and  Atterberg  limits  tests  will  be  used  in  conjunction  with 
previous  laboratory  consolidation  tests  to  evaluate  the  expected 
settlement  of  the  core. 

Filter 

14-09  Filter  materials,  consisting  of  minus  3-inch  alluvial  particles, 
will  be  tested  by  the  Contractor  for  compliance  with  maximum  particle 
size,  gradation  and  uniformity  limits  before  compaction.  Evaluation  of 
in-place  materials  by  the  Government  testing  staff  will  include 
gradation  and  density  tests,  and  a  critical  inspection  of  filter 
material  distribution  after  spreading  operations  to  preclude  procedures 
that  lead  to  excessive  segregation.  In  situ  density  tests  will  be 
conducted  with  either  12-inch  diameter  sand  cones  or  large-scale,  water 
replacement  density  testing  equipment.  Maximum  density  values  for  the 
filter  materials  will  be  determined  using  vibrated  test  methods  with  a 
surcharge,  either  in  an  11-inch  diameter  mold  according  to  ASTM  D  4253 
or  in  the  District's  27-inch  diameter  mold  described  earlier  in  this 
appendix. 

Alluvial  Transition 

14-10  The  alluvial  transition  materials  to  be  placed  in  the  upstream 
portion  of  the  embankment  will  consist  of  minus  12-inch  sand,  gravel  and 
cobble  size  particles  from  the  streambed  and  alluvial  outwash  below  the 
canyon  mouth.  Tests  by  the  Contractor  before  compaction  will  consist  of 
gradation  and  maximum  particle  size  determinations  to  insure  compliance 
with  specification  limits.  After  compaction,  large-scale  water 
replacement  density  tests  would  be  performed  by  the  Government  staff  and 
compared  to  vibrated  maximum  density  tests  on  the  same  material  to 
determine  relative  compaction  values.  Maximum  density  tests  would  be 
performed  on  minus  6-inch  materials  from  the  field  density  test  with  the 
District's  27-inch  diameter  mold. 

Downstream  Transition 

14-11  Gradation  tests  would  be  performed  by  the  Contractor  on  the 
materials  from  the  spillway  and  Government  Canyon  Ridge  excavation 
before  compaction.  After  compaction,  field  and  laboratory  density  tests 
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would  be  performed  by  the  Government  to  determine  relative  compaction, 
and  additional  gradation  testing  would  be  used  to  evaluate  particle 
breakdown  during  handling  and  compaction. 

Shell 

14-12  Ho  tests  would  be  performed  on  the  shell  materials  due  to  the 
overall  large  size  of  the  cobbles  and  boulders  involved.  An  inspection 
of  lift  thickness,  general  particle  size  limits,  and  particle  size 
distribution*  would  be  used  to  evaluate  the  shell.  The  traffic  layers  of 
minus  12-inch  alluvial  or  downstream  transition  material  will  be  used 
only  to  fill  in  the  void  space  between  the  larger  boulders,  and  no 
testing  of  this  material  will  be  required. 

Reporting 

14-13  The  Contractor’s  quality  control  supervisor  will  be  required  in 
the  contract  specifications  to  report  the  results  of  laboratory  and 
field  tests  within  various  time  limits  after  the  testing  so  that 
corrective  action  may  be  taken  if  required.  The  Government  quality 
control  supervisor  will  compile  the  results  of  both  the  Contractor's  and 
Government’s  testing  and  supply  such  information  to  the  Resident 
Engineer  so  that  the  compliance  with  specification  limits  and  design 
intent  can  be  evaluated  by  the  Resident  Engineer  and  the  Embankment 
Engineer.  Summaries  of  test  data  will  be  transmitted  monthly  to  the 
District  and  Division  offices  in  accordance  with  ER  1110-2-1925,  "Field 
Control  Data  for  Earth  and  Rockfill  Dams". 

Monitoring 

14-14  The  expected  large  volume  of  field  and  laboratory  test  data  to  be 
generated  during  construction  of  the  embankment  will  require  a  computer 
based  monitoring  system  to  keep  track  of  the  location  and  results  of  the 
tests.  Appropriate  computer  software  and  hardware  will  be  used  to  show 
the  locations  of  the  various  field  tests.  A  data  base  of  test 
requirements  and  results  for  each  material  can  be  developed  using  one  of 
the  commercially  available  or  in-house  data  base  management  programs. 


Record  Testing 

14-15  Record  testing  of  as-constructed  embankment  materials  will  be 
conducted  by  the  South  Pacific  Division  Laboratory  on  samples  obtained 
by  Los  Angeles  District  Geotechnical  Branch  personnel.  Undisturbed 
cubic  foot  or  large  diameter  tube  samples  of  the  impervious  core  will  be 
tested  to  verify  design  assumptions  for  horizontal  an C  vertical 
permeability,  consolidation  and  shear  strength.  Disturbed  samples  of 
the  filter  and  transition  materials  will  be  tested  to  verify  gradation, 
permeability  and  shear  strength  of  those  materials. 
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Preconstruction  Microseismic  Network 

15-01  The  seismic  network  to  establish  p re- impoundment  seismicity,  as 
recommended  by  Dr.  Clarence  Allen,  in  attachment  A-1,  will  be  expanded 
in  conjunction  with  the  USGS  during  the  FDM  study  period.  Indications 
of  induced  seismic  events  are  primarily  determined  by  deviations  in  the 
seismic  pattern  as  a  result  of  activities  such  as  the  filling  of  a 
reservoir.  Expansion  of  the  USGS  seismic  network  by  installing  a  six 
component  seismic  station,  consisting  of  two  horizontal  and  one  vertical 
instruments  to  measure  microseismic  activity,  and  two  horizontal  and  one 
vertical  instruments  to  measure  macroseismic  activity,  is  essential  in 
determining  the  preconstruction  seismic  pattern.  This  station  will 
provide  the  necessary  information  for  determining  the  focal  depth  and 
spatial  relationships  of  seismic  activity  in  the  vicinity  of  the  site. 
Installation  of  the  station  as  quickly  as  possible  is  necessary  in  order 
to  gather  sufficient  data  to  determine  the  seismic  background  and 
pattern  of  the  site  prior  to  construction  of  the  dam. 


Embankment 

15-02  Instrumentation  of  Seven  Oaks  Dam  will  be  consistent  with  the 
requirements  of  EM  1110-2-1908,  "Instrumentation  of  Earth  and  Rockfill 
Dams,"  and  ER  1110-2-110,  "Instrumentation  for  Safety  Evaluations  of 
Civil  Works  Projects,"  and  will  be  appropriate  for  a  large  embankment 
dam  in  an  area  of  high  seismic  risk.  Specific  locations  for  the  various 
types  of  instruments  will  be  determined  by  analysis  of  the  results  of 
the  settlement  calculations  and  a  finite  element  analysis  of  stresses 
and  pore  pressures  expected  within  the  embankment.  The  FEM  analysis  is 
scheduled  to  be  performed  during  the  FDM  study  phase.  A  coordinated 
program  combining  construction  control  sampling  and  instrumentation 
observation  and  recording  will  be  developed  to  evaluate  embankment  and 
foundation  performance. 
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SETTLOOT 

15-03  Vertical  movements  within  the  embankment  will  be  measured  with  a 
combination  of  settlement  monuments  on  the  surface  of  the  dam  and 
inclinometers  installed  within  the  embankment.  These  monuments  will  be 
monitored  from  offsite  survey  monuments  near  the  dam  that  are  tied  into 
a  regional  vertical  and  horizontal  control  network.  The  instrument 
layout  will  be  designed  to  monitor  the  consolidation  of  the  various 
zones  of  materials  in  order  to  evaluate  the  effects  of  differential 
settlement  within  the  embankment. 

HORIZONTAL  (OVEMeMT 

15-04  Horizontal  movements  on  the  surface  of  the  dam  will  be  monitored 
with  surface  monuments.  Horizontal  movements  within  the  embankment  will 
be  measured  with  inclinometers  and  full  profile  horizontal  displacement 
gauges.  The  movements  will  be  compared  with  expected  movements 
predicted  by  the  finite  element  analysis. 

PORE  PRESSURES 

15-05  Pneumatic  type  diaphragm  piezometers  will  be  installed  in  the 
embankment  and  abutments  to  monitor  pore  water  pressure  during  and  after 
construction  of  the  embankment  in  order  to  check  the  validity  of  design 
assumptions  regarding  pore  water  pressures  and  to  detect  potentially 
dangerous  conditions  that  may  affect  the  stability  of  the  dam. 

Pneumatic  piezometers  will  be  specified  because  of  the  very  small  time 
lag  required  for  pressure  equalization  in  fine-grained  soil,  the 
capability  to  utilize  central  observation  stations,  and  because  they  are 
less  expensive  than  electrical  type  diaphragm  piezometers.  A  smaller 
number  of  open-tube  Casagrande  type  piezometers  will  be  installed  to 
monitor  water  pressures  after  impoundment  of  the  debris  pool  and  to 
confirm  pore  pressure  readings  from  the  pneumatic  piezometers.  High  air 
entry  filters  will  be  utilized  to  reduce  the  tendency  to  read  high  pore 
air  pressures  instead  of  pore  water  pressures.  In  accordance  with  the 
guidance  in  EM  1110-2-1908,  piezometers  will  be  provided  at  vertical 
increments  not  to  exceed  80  feet  at  a  minimum  of  two  representative 
cross  sections.  Representative  soil  samples  will  be  collected  at  the 
piezometer  tip  elevations  to  determine  soil  characteristics  relative  to 
the  reading  and  evaluation  of  the  piezometer  data. 

SEEPAGE 

15-06  In  conjunction  with  piezometer  data,  readings  from  observation 
wells  in  the  abutments  and  near  the  toes  of  the  dam  will  be  used  to 
monitor  seepage  through  the  embankment  and  abutments.  Measured  seepage 
quantities  will  be  compared  with  design  assumptions  of  the  various 
conditions  of  through  seepage  to  evaluate  the  performance  of  the  dam. 
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15-07  An  interconnected  system  of  strong  motion  accelerographs  with 
1.0-g  accelerometers  and  peak  recording  accelerographs  would  be  installed 
in  the  embankment,  alluvial  foundation  and  bedrock  abutments  to  record 
the  response  of  the  dam  and  foundation  to  seismic  activity.  The  recorded 
response  at  the  locations  on  the  abutments,  crest,  downstream  slope  and 
downstream  foundation,  as  suggested  in  EM  1110-2-1908,  will  assist  in 
assessment  of  performance  after  a  significant  seismic  event.  The  system 
will  be  tied  into  the  network  maintained  by  the  U.S.  Geological  Survey 
and  will  conform  with  the  requirements  of  ER  1110-2-103,  "Strong -Motion 
Instruments  for  Recording  Earthquake  Motions  on  Dams,"  and 
ETL  1110-2-195,  "Instrumentation  for  Measurement  of  Earthquake  Motion 
and  Instrument  Shelters  for  Earth  and  Rock-Fill  Dams." 


Monitoring  Program 
EVALUATION  DURING  CONSTRUCTION 

15-08  In  order  to  be  able  to  evaluate  the  information  obtained  from  the 
various  instruments  during  construction,  bench  marks  and  a  reference 
base  line  will  be  established  as  soon  as  possible  after  initiation  of 
the  construction  contract.  All  movement  measuring  devices  would  be 
referenced  to  the  established  survey  points  and  read  immediately  after 
installation  and  approximately  every  two  weeks  thereafter.  In  order  to 
correlate  settlement  and  piezometric  data,  piezometers  located  near 
movement  measuring  devices  would  be  read  at  the  same  time.  Where 
possible,  data  will  be  reduced  in  the  field  so  that  erratic  readings  can 
be  checked  immediately.  To  clearly  establish  trends  and  relationships, 
instrumentation  data  will  be  presented  in  graphical  form. 

VERIFICATION  OF  DESIGN  ASSUMPTIONS 

15-09  During  the  construction  period,  instrumentation  data  on  pore 
pressures  and  earth  movements  within  the  embankment  will  be  compared 
with  predicted  values  to  verify  the  assumptions  that  were  made  during 
the  design  of  the  dam.  Record  samples  of  embankment  fill  materials  will 
be  obtained  and  tested  to  determine  the  in-place  characteristics  of  the 
various  soils  in  the  dam.  Significant  variation  between  the  two  data 
sets  will  be  analyzed  to  evaluate  the  potential  effect  on  the  stability 
of  the  dam  and  appurtenant  structures. 

POST -CONSTRUCTION  F.E.M.  EVALUATION 

15-10  A  finite  element  method  analysis  of  the  embankment  as  built  will 
be  performed  after  construction  using  material  characteristics  from 
quality  control  tests,  and  pore  pressure,  seepage  and  earth  movement 
data  from  instrumentation  records.  The  analysis  will  be  used  to 
evaluate  the  conformance  with  design  assumptions  and  to  predict  future 
performance  of  the  dam.  The  results  will  be  presented  in  the 
"Embankment  Criteria  and  Performance  Report." 
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15-11  The  monitoring  and  reporting  of  instrumentation  data  from  Seven 
Oaks  Dam  will  continue  after  construction  is  completed  to  enable  Los 
Angeles  District  personnel  to  evaluate  the  continuing  performance  of  the 
dam.  Of  particular  importance,  instrumentation  records  will  form  a  base 
line  of  data  to  be  compared  with  readings  taken  during  impoundment  of 
flood  waters  and  immediately  after  a  significant  earthquake.  In 
conjunction  with  recorded  data,  inspections  of  the  embankment  and 
reservoir  area  will  be  conducted  in  these  situations  to  check  for 
unusual  conditions  such  as  loss  of  freeboard  by  settlement,  evidence  of 
through  or  underseepage,  abnormal  embankment  cracking  or  slumping,  and 
landslides  on  the  abutments. 
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qd 
q m 


RECENT  ALLUWM:  Stroambod  dopodto.  unconaolicjotad 
•and.  gravd,  cobWot  and  boddoro. 

COUAiVIUM:  Slop*  wooh.  tola*,  fina-flrainad  fan  dopoalto; 
undtfforantletod  rock  and  ten  dobrtr,  dapotltion  by 
gravity  and  In  rooponoo  to  dlract  pradpltotlon. 

STREAM  TERRACE:  Senior  to  Ool,  but  diow*  sand  otobHIty 
bv  ourficld  cow  of  flna-gralnad  aadmanto  ond  v*ogito- 
twn.  Thaaa  hUarfingar  with  eoHudum  along  04900  of 
tho  canyon. 

TERRACE  DEPOSITS:  lodatod  romnonto  of  boyldor  con¬ 
glomerate*  axpoood  on  tha  wofli  of  tho  canyon. 


I  Croak  formation:  moderately  to  woll  Indurotod 
teraatrld  and  lueuttrlno  congiomorota,  oandotont  and  thaia. 


CRETACEOUS  -  JURASSIC 

QUARTZ  DlORlTE:  Gray,  maaoiva,  medium -grdn#d  cryetdo,  un- 
woathorod  to  Might  weathering  of  fddapar  and  matte  mlnordo, 
typically  highly  Irocturad.  locally  ohoorod  and  ottarod- 

QUARTZ  MONZONITE:  Equtgranulor,  occoolonoi  xonollthi  of  mafic 
mtoarala,  modaratdy  Join  toft  qmp:  contain*  largo  phanocryat* 
*'  ****‘-‘-  *Ml*i—  -*  ■—  to  3 -Inch  dlomotor. 


SCALE  ( 


e 

I 


200  400  «00 


of  pat  a  pole 


gn 


gnm 


PRECAM8RIAN: 

GNEISS:  Uncfifforontlotod,  dteritlc,  groy  to  Wock.  fin#-greln#d 
enurtdb.  moody*  to  fdiotod  dong  tubpordld  mafic  ton#*, 
prmdpd  eonttKuant*  ora  pJododaa*  and  potaadc  fddioor, 
quart*  and  mafic  mlnordo,  medarot*  to  eompiat*  weathering  of 
mo  fddapar  and  mafia  min  or  do:  gnm:  iona  of  gnoloo  with 
mafic  mlnard  eontont  of  rock  groat  or  than  25  poroont. 


U.  I  ARMY  Ittqw— 
u»  ANoan 
QOm  Of  MOMMI 


SANTA  ANA  WVC*  MAMtTIM,  CALrBPNW 
fHAH  I  QCMCRAL  0CSNM  MQfQftANOUM 


SEVEN  OAKS  DAM 
SITE  GEOLOGY 


WOC  NO.  PACW 
Mtmct  wmp. 


am  I 

PLATE  A'« 


Safety  pays 


a 


U  ENOMCEftMQ 


mONMENTAL 

IANCEMENT 


3415’ 


Cajon 

Pass 


V A >  iip  ENGINEERING  p 


San  Bernardino  Mountains 


San 

Gabriel 

Mtns 


3^4 


©  San  ^ 
Bernardino 

V't> 


Seven 

Oaks 

Damsite 


(K.. 


34”00’ 


10  12 


scale  in  miles 


Yucaipa  © 


Cherry 

Valley  " - ^  ' 

Banning  © 


LEGEND: 

A  A  A  A  Thrust  fault,  barbs  on  the  upthrown  side 
Uncertainty  in  fault  trace  location 
_  -  River  alignment 

-  Mountain  range  boundary 

ABBREVIATIONS: 

BF  Banning  Fault  MVF  Morongo  Valley  Fault 

CF  Cucamonga  Fault  NBSAF  North  Branch,  San  Andreas 

MCF  Mission  Creek  Fault  PMF  Pinto  Mountain  Fault 

MiCF  Mill  Creek  Fault  SAF  Son  Andreas  Foult 


SBSAF  South  Branch,  San  Andreos  Fault 
Fault  SJF  San  Jacinto  Foult 

WCF  Wilson  Creek  Fault 


AFETY  PAYS 


Mojave  Desert 


\ 


\ 


nardino  Mountains 


II 

O 

I 


Mojave. 

Desert 

34°T  5’ 


oamstte 

PLAN  OF  EXPLORATION! 
LOCATIONS  OF  EXPLORATORY  I 


ENVnONMENTAL 
EMM AMCC ME NT 
THAU  ENGINEERING 


VALUE  ENGINEERING  PA1 


C84-01 

N  710667.1 
E  1743*59.2 
INCLINATION:  VERTICAL 


C84— 0? 

N  710772.4 
E  1743362.7 
INCLINATION  =  90’ 


R84-03 

N  710857.0 
E  17433148 
INCLINATION:  VERTICAL 


SAFETY  PAYS 


LUC  ENGINEERING  PAYS 


M2 

772.4 

3362.7 

U10N  =  90' 


R84-01 

N  710998.4 
£  1743831.4 
INCLINATION:  VERTICAL 


DESCRIPTION 


Nuvfum;  unconaof/datad  sand.  aravai,  and 

lin  to  1.5-foot  inosiinum  ifloonotor. 


LITHOLOGIC  LEGEND 


Overburden: 


Alluvium 

Colluvium 

Sand 

Boulder 


cflorito:  spocVled  light  graytah-whlta  and  dark  gray 
'lock;  medium  grain ad;  modaratiiy  waotharad  and  modar- 
i  herd  to  completely  waotharad  and  crumbly  from  0-156', 
iraMy  dlfttly  to  modarotaly  waatharad  and  modarataly 
I  to  hard.  locally  highly  waatharad  from  1 56-130.  t; 
ly  to  Intensely  frocturad  at  random  orientation*; 
tura  surfdcM  smooth  to  rough,  occoslonaly  healed 
thin  day  gouga.  aoma  with  ollcliansldaa;  *haor  zona* 
trig  80-70  dagraa*  ond  containing  modarataly  hord  gouga 
t  104-104.3*.  115.7-117. 7*.  and  144.5-144.9*;  pomiMa 
t  sat*  oip  10-20.  40-50,  and  60-70  dagraa*. 


R84-02 

N  710848.1 
E  1743550.0 
INCLINATION:  VERTICAL 


Bedrock: 
qd 

gn 


Diorite 

gneiss 


NOTE: 

1.  See  plate  A— 12  for  GENERAL  NOTES  relating  to 
,  drill  logs. 


core  recovery  for  interval  cored 
isite  ROD  =  22% 
je  discontinuities/H  *  7  3 


88% 


U.  S.  ABMY  (NONn  OBTWCT 
106  AMGEUS 
COftfS  04  ENCMCBtS 


SEVEN  OAKS  DAM 

DRILL  LOGS 
STREAMBOTTOM 


V*C  MO.  DACWOf  . 
twnBCT  «MO. 


Safety  Fays' 


environmental 

ENHANCEMENT 
THRU  ENGINEERING 


VALUE  ENGINEERING  PA1 


C84-03 

N  711072.2 
E  1743521.6 
INCLINATION:  VERTICAL 


C84-05 

N  711181.5 
E  17*3483.8 
INCLINATION:  VERTICAL 


Safety  pays 


LllP  engineering  pays 


C84-05 

N  711181.5 
E  1743483.8 
INCLINATION:  VERTICAL 


C84-04 

N  710968.9 
E  1743690.5 
INCLINATION:  VERTICAL 


Averoge  discontinuities/ft  *  7.5 


£L£V.  DPT H 
2 06*. 8  0.0 


Water  Level 
SEPT  '84 
2056.5  8.31 


•sa 


w 


DESCRIPTION 


Ool:  alluvium:  unconsolidated  wand.  grovel,  cobbles,  and 
occasional  boulders  to  2. 5- toot  maximum  diameter;  clayey 
sand  from  54.5-56.5*  and  61-62.5*;  doywy  sand,  grovel, 
and  cobbles  from  30.5-34*. 


qd:  dlorite.  speckled  light  greyish-white  and  dark  grey 
to  black;  medium  grained;  highly  weathered  and  soft  to 
moderately  hard  from  65.5-72*;  slightly  to  moderately 
weathered  and  moderately  hard  to  hard  from  72-102.4’; 
highly  fractured  at  random  orientations;  fracture  surfaces 
smooth  to  rough;  apparent  joint  sets  dip  45-SO  and  65-70 
degrees;  mony  joints  healed  with  silica  and/or  caicite. 
others  with  evidence  of  movement;  some  shears  with  minor 
gouge:  no  samples  lab  tested. 


Totol  core  recovery  for  interval  cored  =  96% 
Composite  ROD  =  38% 

Average  discontinuities/ft  =  6.9 


GENERAL  NOTES: 

1.  See  plate  A-9  for  locations  and  types  of  exploratory  holes. 

2.  See  plate  A-30  for  an  explanation  of  ROD. 

3.  See  section  5  of  this  appendix,  INVESTIGATION  PROCEDURES  - 
Drilling,  for  the  criteria  used  to  describe  rock  weathering. 

4.  See  section  7  of  this  appendix  for  results  of  laboratory  tests. 

5.  See  plates  A-30  to  A- 35  for  o  graphical  representation  of  rock 
quality  parameters  including  RQD,  discontinuity  frequency, 

point  load  strength,  and  degree  of  weathering. 

6.  The  1$  column  shows  50mm  size— corrected  point  load  strength 
data.  An  asterisk  denotes  an  invalid  test. 

7.  The  K  column  represents  rockmass  permeability  as  determined 
from  packer  tests. 


SAFETY  PAYS 


U.  S.  ARMY  CNGMNR  CWTtICT 
LOS  ANOCU5 
COWS  Of  ENCMESt: 


PHASE  I  GENERAL  0ESWN  MEMORANDUM 

SEVEN  OAKS  DAM 

DRILL  LOGS 
STREAMBOTTOM 


snc.  NO.  DACW09-  . 
M5T*cr  Ml  NO 


■ttttTlJ 


ENGINEERING 


R86-1A 

N  710120 
E  1743320 

INCLINATION:  VERTICAL 


ElEV.  OP  TH  I  LOG  I 
2040.0  0-0 


Ool:  alluvium;  unconsolidated  sand,  gravel,  cobbles,  ond 

boulders  to  3.8- foot  maximum  diameter. 


ELEV.  DPTH  j  LOG  I 
2040  0  0.0 


VALUE  ENGINEERING 


R86-1 C 

N  710128 
E  1743300 

INCLINATION  VERTICAL 

OG 

DESCRIPTION _ 

,  *  Qoi  alluvium;  unconsolidated  «and.  grovel.  cobble*,  or 
a  one  2.0- foot  diometef  boulder  at  32.5 


qd  diorite;  bedrock  identification  based  upon  rotary 
+  Hr  ill  r .  iMinnc 


— — 1 - - -  qd  diorite;  bedrock  identification  based  upon  rot  ary 

1980  0  60  01  dr'"  Cutlin9«-  _ 


R  86  ~  2  A 

N  711020 
£  1743490 

INCLINATION.  VERTICAL 


R86-1B 

N  710125 
£  1743310 

INCLINATION:  VERTICAL 


ELEV  OPTWi.OG' 

2062  0  0.0  I 


Oal  alluvium;  unconsolidated  sand,  gravel,  cobbles,  a 
bou'ders  to  5.0- foot  maximum  diameter 


ElEV  DPThilOGi 
2040  0  0.0 


I  Ool  alluvium;  unconsolidated  sand,  grovel,  cobbles,  ond 
boulders  to  3. 3-  foot  maximum  diameter 


- - — j— r- '  qd  3'orite.  bedrock  identificotion  based  upon  rotory 

1988  0  740  4  *'■  _ 


+  qd:  diorite,  bedrock  identification  based  upon  'otary 
1971.0  69.ok  <jril  cuttin9« 


SAFETY  PAY 


imp  ENGINEERING  pays 


|6  — 1C 


r’Q'zs 

743300 

(lINATION:  VERTICAL 


R86-2B 

N  711025 
E  1743485 

INCLINATION:  VERTICAL 


ElEV.  0#»TH 
2062.0  0.0 


to*  anuvkjm:  unconsolldoted  sond,  groval.  cobbles,  ond 
'•  2.0- foot  diameter  boulder  at  32.5'. 


m 


fad:  diorite;  bedrock  identification  based  upon  rotary 

drill  cuttings. 


Qol:  alluvium;  un  consolidated  sand,  groval.  cobblas,  and 
on*  2. J—  foot  diameter  botJder  at  9.7 '. 


qd:  diorite;  bedrock  identification  based  upon  rotary 
dr iH  cuttings. 


36  — 2  A 


711020 
•  743490 

‘.LINATION:  VERTICAL 


DCSCR’.PVON 


R86-2C 

N  711030 
E  1743475 

INCLINATION.  VERTICAL 


,3ol:  alluvium;  un consolidated  sand,  grovel,  cobbles,  and 
boulders  to  5.0- foot  moximum  diometer 


£IEV  DPTH 
2062.0  0.0| 


qd.  diorite,  berVock  identification  based  upon  ratory 
drill  cuttings. 


-iY 


Oal:  alluvium;  unconsolidated  sand,  grovel,  cobbles,  and 
boulders  to  4.0- foot  maximum  diameter. 


qd:  diorite;  becfrock  identification  based  upon  rotory 
drill  cut  tinge. 


NOTES: 


1.  See  plate  A— 11  for  LITHOLOGIC  LEGEND  reloting 

to  drill  logs. 

2.  See  plate  A-12  for  GENERAL  NOTES  reloting  to 
drill  logs. 


Safety  pays 


REVISIONS 


U.  S.  ARMY  B4GR4HR  DttTlICT 
LOS  ANGCIES 

oc*n  or  enginr*s 


SEVEN  OAKS  DAM 

DRILL  LOGS 
STREAMB0TT0M 


INC.  NO.  one w  04  . 
ootwct  p«i  no 


Heti 


VALUE  ENGINEERING 


R86-3A 


R86-3C 


N  711520 
£  1744575 

INCLINATION:  VERTICAL 


N  711530 
E  1744555 

INCLINATION  VERTICAL 


f 

2SZ 


R86-3B 

N  711525 
E  1744565 

INCLINATION:  VERTICAL 


E  1744010 

INCLINATION:  VERTICAL 


ElCv  DPThiLOG 
2073  4  0.0 


K  Is 
It/dO)  psi 


DESCRIPTION 

otluvium;  uncon  sol 'doled  son. 


Water  Level 
OCT  '86 

2059.0  14.4  * 


2055.9  17  5| 


0— »100X 


gn  gneiss- dioritic  gneiss;  greyish- 
greenish -block,  iocolly  pink  potosi 
speckled  to  well- developed  comp< 
quart  zofeldspathlc  to  mafic  rich; 
developed  steeply  dipping  foliation 
generally  15—25  percent.  70  perc 
mafic  minerals  display  all  degrees 
slightly  to  highly  weathered  in  zoi 
generally  medium  hard  *o  hard,  c 
discontinuities  dip  at  various  oriei 
majority  between  40  and  70  degr 
degrees;  many  discontinuities  heo 
thin  gouge,  ond  with  evidence  of 
ment  (slickensides  or  gouge)  in  a 
percent;  no  samples  lab  tested 


Total  core  recovery  for  rnte1 
Composite  ROD  -  38% 
Average  discontinuities/ft  * 


Safety  pays 


i 


ALUE  ENGINEERING  PAYS 


*86- 3C 

fl  711530 
174+555 

Inclination  vertical 


Qol:  alluvium,  un consolidated  sand,  gr ovel.  cobbles.  and 
boulders  to  3.0- foo*  maximum  diameter. 


gn  gneiss,  bedrock  identification  bosed  upon  rotary 
drill  cuttings 


C86-02 


N  710970 
E  1744010 

INCLINATION:  VERTICAL 


C86-05 

N  711250 
E  1745185 

INCLINATION:  VERTICAL 


ELEV.  DPTH 
2109. 1  0.0 

LOG 

CORE 

REC 

RQ0 

% 

K 

Is 

psi 

DESCRIPTION 

2$ 

Qol:  ottuvtum;  unconsolidated  sond,  gravel,  cobbles,  and 
occasional  boulders  to  4— foot  maximum  diameter. 

0 

=1 

it 

# 

< 

< 

a 

2052.6  56.5 

>- 

I 

59.7 

$ 

■ 

33 

or 

CL 

O 

z 

gn.  gneiss;  greyish- white,  light  to  dark  grey,  and  black, 
massive,  mottled  to  well— developed  compositional  layering 
generally  dipping  70-60  degrees  (with  one  zone  dipping 

40  degrees);  generally  fine  grained;  mafic  percentage 

| 

22 

26 

* 

visually  estimated  at  5-30  percent,  locally  up  to  50 
percent;  moderately  to  highly  weathered  and  soft  to  very 
soft;  variably-dipping  discontinuities  with  a  slight 
preference  for  60  and  90  degrees,  46  percent  with  slack¬ 
en  sides  or  gouge  dipping  primarily  greater  than  40 
degrees,  apertures  generally  0.1-inch-wide  or  less, 
wider  gouge— filled  discontinuities  ot  99. 3-100.5’  (2- 
inch-wide,  dipping  80  degrees)  and  80.5-81.5’  (1-inch¬ 
wide.  dipping  80  degrees);  aplite  dikes  ot  59  7-60. 7’ 

(1 -Inch- wide).  82.6r  (0-75-incb-wide).  83. 4‘  (l-inch- 
wide).  and  103’  (1-inch-wide);  no  samples  lab  tested. 

$ 

1 

0 

10 

♦1 

• 

* 

12 

2000.5  108.6 

■ 

—1 

19 

* 

o— moqx  Total  core  recovery  for  Interval  cored  =  97% 

Composite  ROD  =  21% 

Average  discontinuities/ft  =  3.6 


DESCRIPTION 

Qol  alluvium;  un  con  sot  id  o  ted  sand,  grovel,  and  cobbles. 


gn  gneiss-dioritic  gneiss;  greyish- white,  greyish-  to 
greenish-Mock,  locally  pink  potossic  iteration; 
speckled  to  wed -developed  compositional  layering; 
quart  zofeidspathlc  to  mafic  rich;  poorly  to  well- 
developed  steeply  Jpping  foliation;  mafic  composition 
generally  13-25  percent.  70  percent  between  81.7-83.3’, 
mafic  mineral  .  display  all  degrees  of  chloritlzation; 
slightly  to  hirhfy  weathered  in  zones  throughout  hole; 
generally  medium  hard  to  hard,  occasionally  soft; 
discontinuities  dip  ot  various  orientations  with  the 
majority  between  40  and  70  degrees,  predominantly  60 
degrees;  many  discontinuities  healed  or  fitted  with 
thin  gouge,  and  with  evidence  ot  differential  move¬ 
ment  (Pick en sides  or  gouge)  in  approximately  30 
percent;  no  samples  lab  tested 


Totol  core  recovery  for  Interval  cored  =  98% 
Composite  ROD  -  38% 


Average  discontinuities/ft  -  5.5 


Safety  pays 


NOTES: 

1.  See  plate  A- 11  for  LITHOLOGIC  LEGEND  relating 

to  drill  logs 

2.  See  plate  A-12  for  GENERAL  NOTES  relating  to 
drill  logs. 


RMO 

wsam ohs 

mm 

REVISIONS  | 

U.  S.  MtMT  040*40*  OttTOCT 

LOS  ANGUS 

CORK  OE  ENGMEBtS 

auww  St. 

cwaae  sr> 

SAHlA  W,  IWCT  HAMS  ITU.  CAI+WIAA 

PHASC  1  0CMC4AA  0CS K*  tmOAANfiUM 

SEVEN  OAKS  DAM 

DRILL  LOGS 
STREAMB0TT0M 

SCdkOTTtO  IV. 

W - 

DATI 

xmoviD, 

SSfC.  NO.  0*0*04- _ I- - 

DBTSTO  Nil  NO. 

« 

OF 

7 

SHEETS 

ENHANCEMENT 
THRU  ENGINEERING 


VALUE  ENGINEERING 


C86-26 

N  7 I 0530 
E  1743440 

INCLINATION:  VERTICAL 


C86-26  (Continued 


ELEV.  DPTHILOC  iconei  rqo  I  K  I  It  I 

?0t\  3  0  Oj  |  WCC-I  X  P**  1 


1968  8  82.5  ~ 

8*  0, 


Qol  alluvium.  un  consol  idotsd  sand.  grovel.  cobbles.  and 
boulders  to  3-1/2- foot  diameter;  mostly  sand  from 
30-  38' 


qd:  diorite;  speckled  greyish- wh <e  ond  block;  medium 
joined,  highly  weathered  e*cep  for  isolated  moderately 
weothered  zones  and  completely  weathered  zones  noted 
below;  generoHy  moderately  soft  to  soft,  occasionally 
moderately  hord  to  hord.  soft  to  very  soft  and  complete¬ 
ly  weathered  from  98.5-101.0*.  103.5-104.3*.  107.9- H0.3*. 
143.2-1*4.7*.  150.5-150.8*.  155.4-757.6'.  160.4-160.9'. 

163.8- 166.5*.  202.4-212.6'.  220.3-222.6'.  224.9-225  5'. 

231.9- 232.6*.  257  2-259  2'.  266  5-267  5'.  297  1-297  4. 
variably-dipping  discontinuities  dip  predominantly  70 
degrees,  52  percent  with  oouge  up  to  0.1  -inch -thick,  at 
least  thin  gouge  In  70  percent  of  steeply  dipping  (70-90 
degrees)  discontinuities;  thicker  gouge  zones  from  123  7- 
124  0'  ond  165.2-165.6';  one  sample  lob  tested  for  com¬ 
pressive  strength;  see  general  note  4 


Total  core  recovery  lor  inter v< 
Composite  ROD  =  9% 

Average  discontinuities/ft  -  6 


C86-28 

N  710635 
E  1743295 

INCLINATION:  VERTICAL 


ElCV  OPTX I  IOC  IC0REI  ROD  I  K  I  Is  | 
2054  2  0  0|  |  PEC. |  X  | ft/dqyj  psi  | 


Oat-  alluvium;  unconsolidated  son. 
boulders  to  4-foot  maximum  diar 
mud  loss  at  50'. 


Water  Level 

ree  87 

2034.0  20  2  - 


gd;  diorite;  speckled  greyish-whi 
Wock  except  os  discolored  by  wi 
otterqtion;  medium  grained;  mod 
weathered;  generally  soft,  occat'r 
medium  hord;  intensely  fractured 
most  discontinuities  dip  50-70  t 
55  degrees;  almost  80  percent  < 
eurfoce*  contain  gouge  or  #lieke< 
approximately  90-101'  very  soft, 
oltered/chloritized.  Identifiable  sh 
degree*;  no  samples  lob  tssted. 


Jotol  core  recovery  for  int« 
Composite  ROD  «  103S 
Averoge  discontinuities/ft  » 


ALUE  ENGINEERING  PAYS 


C. 86-26  (Continued) 


C86-29 

N  710625 
E  1743555 

INCLINATION:  VERTICAL 


P«E  RQO  K  I, 
X  H/«H|  pal 

r  *  2a 


EL£V  DP1HI  LOG  COREJ  RQO  I  K  I  Ic  I 
203*  0  0.0  [Reel  %  fft/doJ  p»  | 


Oot:  alluvium;  unconsolidated  sand,  gravel.  cobbles,  ond 
occasion  at  boulders  to  3- foot  maximum  <*ometer 


Water  Level 
FEB  '87 
2034.0  20.0  " 


Total  core  recovery  for  interval  cored  =  63% 
Composite  ROD  =  9% 

Average  discontinuities/^ t  =  6.9 


9n;  gneiss- dioritic  gneiss;  light  to  dark  grey:  speckled 
to  mottled,  massive  to  weakly- developed  compositional 
layering:  generally  medium  groined,  with  fine  grained 
zones  at  65-71’  and  77-81’;  mofic  content  5-40  percent; 
highly  to  completely  weathered  from  30.0-31.5',  highly 
weathered  from  31.5-81.0';  generally  soft  from  25.5-70’, 
medium  hard  bom  70—81.0’;  variably-dipping  discontin¬ 
uities.  predominantly  dipping  at  low  ongles  (0-3S  degrees) 
ond  high  ongles  (65-90  degrees).  45  percent  with  slicken- 
*•<>•*  or  gouge;  one  sample  lob  tested  for  compressive 
strength;  see  general  note  4. 


C86-28 


N  7 i  0635 
E  1743295 

INCLINATION:  VERTICAL 


[(CORE!  RQO  I  K  I  !s  I 

If  REC.  |  xjn/torl  ?»■  I 


Total  core  recovery  for  interval  cored 
Composite  ROD  =  35% 

Average  discontinuities/ft  =  6.3 

C86-32 

N  710792 
E  1744097 

INCLINATION:  VERTICAL 


Qal:  alluvium,  unconsolidated  sand,  gravel,  cobbles,  and 
boulders  to  4- foot  maximum  diameter,  temporary  dri»- 
mud  loss  at  50‘. 


ELEV  OPTH I  LOG  CORE]  RQO  I  K  I  I,  I 
2073.4  0.0]  |  RECl  X  ln/<kd  osi  I 


Water  Level 
APR  '87 


Qol:  oHuvium;  unconsolidated  sond.  grovel,  cobbles, 
and  boulders  to  2- foot  maximum  diameter. 


gd:  dlorite;  speckled  greyish -white  and  block;  medium 
groined;  generally  slightly  to  moderately  weathered, 
highly  weathered  ond  soft  from  14.4-16  2'.  medium  hard 
to  hard;  variably  dipping  discontinuities  with  a  slight 
preference  for  30-55  degrees,  several  dipping  steeply 
(80-90  degrees),  mostly  healed,  approximately  15  percent 
with  slicken sides  or  thin  gouge,  roughly  30  percent  dip¬ 
ping  50—65  degrees  with  e\4dence  of  movement;  three  som- 
plas  lob  tested  for  compressive  strength;  see  generol 
note  4. 


Total  core  recovery  for  interval  cored  =  96% 
Composite  ROD  =  51% 

Average  discontinuities/ft  =  3.8 


qd:  diorite;  speckled  greyish- white  and  dark  grey  to 
block  excoot  as  discolored  by  weathering  and  chemical 
alteration;  medium  gained;  moderately  to  highly 
weathered;  generally  soft,  occasionally  very  soft  or 
medium  hwd;  h tersely  froctured  ond  sheared  throughout; 
most  discontinuities  dip  50-70  degrees,  predominantly 
55  degrees;  almost  60  percent  of  Identified  discontinuity 
turfoces  contoin  gouge  or  slickentide*;  zone  between 
approximately  90-101’  very  soft,  thoroughly  weathered, 
altered/ chforitized,  identifiable  shears  dip  55-65 
degrees;  no  samples  lab  tested. 


NOTES; 


U.  S.  ARMY  ENGMECR  DISTRICT 
LOS  AMGflES 
CORPS  Of  ENGIMttRS 


See  plat< 
LEGEND 


Total  core  recovery  for  interval  cored  =  58% 
Composite  ROD  *=  10% 

Average  discontinuities/ft  »  9.6 

•AFETY  PAYS 


relating  to  drill  logs. 


See  plate  A-12  for  GENERAL 
NOTES  relating  to  drill  logs. 


SEVEN  OAKS  DAM 

DRILL  LOGS 
STREAMBOTTOM 


THRU  ENGINEERING 


VALUE  ENGINEERING  P 


C86-3; 


N  711080 
f  1744205 

INCLINATION:  VERTICAL 


Q86-34 

N  710915 
£  1743800 

INCLINATION:  VERTICAL 


€LEV.  DP TH I  LOG  JCORB  RQOI 
20/9.7  O.Ol  IRCC-I  X  P 


ELE  V.  DPTVn  LOC  CORD  RQ0 
2064.6  Q.Ql  IRECI  % 


0 at:  oku»4um;  uncon soddotsd  sond,  graV.  cobbles.  and 
occasional  boulders  to  3- toot  maximum  d*om*tsr. 


Woter  Lev*  1 
APR  ’87 

2055-0 


Qot:  oHuvbjm;  unconsol (dated  sond.  grai 
occasional  bouldsrs  to  3.5-foot  mqxlmt 


ad:  diorits;  medium  to  dark  arey  moss 
and  sou 'granular  mafic -rich  (30-40  p< 
31.2-41'.  51-52.4’,  and  BO-81. 4’:  Nigh 
generally  medium  hard  30-80’,  highly  * 
80-81.4’;  viably-dipping  discon tinui tie 
dipping  at  low  angles  (0-35  degrees)  a 
(65-90  degrees),  over  oil  12  percent  wit 
gouge,  only  2  percent  for  diecontlnuitlei 
angles;  two  samples  lob  tested  for  con 
see  general  note  4. 


Total  core  recovery  for  intervot  < 
Composite  ROD  =  49% 

Average  discontinuities/ft  =  3.4 


gn:  gneiss;  greyish -•Hite,  grey,  pink,  and  block;  speckled, 
massive  to  eei-developed  compositional  layering  dipping 
70-90  degrees;  fine  and  medium  groined  crystals,  with  or- 
thoclase  feldspar  phenocrysts  from  100.0-121.7*;  estimoted 
5-20  percent  mafic  content,  mofic-rich  (greater  than  40 
percent)  rone  from  14?.0-'4?5';  mo4*-<it4y  aru) 

•oft  to  medium  hard;  discontinuities  dip  predominantly  20- 
70  degrees.  36  percent  with  sl.ckensides  or  gouge  (doping 
primarily  45-90  degrees);  gouge  zones  at  105.5-107.5'  ond 
145.3-147.0’;  quortzofeidspothic  d*es  at  112.3-112. 7*  and 
113.5-114.6’;  no  samples  lob  tested. 


C86-.35 

N  711205 
E  1743760 

INCLINATION:  VERTICAL 


ELEV  DPTHI  LOG  PC0RD  RQOI  K 
2068.9  0.0  REC]  X  h/4q 


Water  Level  , 
MAY  ’87 
2058.1  10.8 


Qal:  alluvium;  unconsolidated  sond.  grq 
boulders  to  24-foot  maximum  diometi 


Total  core  recovery  for  interval  cored 
Composite  RQD  »  23% 

Averoge  discontinuities/ft  =  3  8 


gn:  gneiss;  greyish- white  to  greyish  - 
speckled  to  slightly  bonded;  medium  g 
to  completely  weathered  ond  soft  to  v 
52.1’);  slightly  to  highly  weathered  one 
soft  (52.1-92.0*);  estimated  20-40  pi 
variably-dipping  discontinuities  with  0 
snot  for  35  degrees,  about  50  percen 
filing;  no  samples  lab  tested. 


Total  core  recovery  for  interve 
Composite  ROD  -  35% 

Average  discontinuities/ft  =  6 


SAFETY  PAYS 


C86-34 

C86-36 

N  710915 

N  711050 

E  1743800 

E  1744015 

,  INCLINATION:  VERTICAL 

INCLINATION; 

VERTICAL 

El£V.  DRTHI  LOG  jCORGRQDI  K  1  ls  1 

2070.7  0.0|  lR£Cl  *  fc/dojJ  pel  | 

DESCRIPTION 

Qol:  alluvium;  un  con  sol  (doted  sand.  grav*j.  cobbies,  end 

occasion^  bouldere  to  3.5- fool  maximum  diameter. 


<*S:  diorite;  medium  to  dark  gray  mou)««;  medium  groined 
and  eguigranular  mo  fie -rich  (30—40  par  cant)  zona*  at 
31.2-41'.  51-52.*’.  and  80-81.4';  slightly  weathered  and 
generally  medium  hard  30-80'.  highly  weathered  and  soft 
80-81.*';  variably- dipping  discontinuities,  predominantly 
dipping  at  low  angles  (0-35  degree*)  ond  at  high  angle* 
(65-90  dagraae).  overod  12  percent  with  picker  side*  or 
gouge,  only  2  percent  for  discon  tin ultlee  doping  at  low 
onglss;  two  samples  lab  tested  for  compressive  strength; 
see  general  note  *. 


Oof:  afluvium;  un  coned  Ida  ted  sand,  gravel,  cobbles,  and 
occasional  boulders  to  2- foot  maximum  diameter. 


Total  core  recovery  for  intervol  cored  =  100% 
Composite  ROD  -  *9% 

Average  discontinuities/ft  «  3.4 


gn:  g  >eiss;  grey  eh -white,  grey,  block,  and  pink;  speckled, 
mot*  ed.  ond  poorly-  to  well-foliated  with  foliations  dip¬ 
ping  *5-75  degrees;  estimated  5-40  percent  mafic  content, 
motic-rich  zones  at  67-72'  (mafic  content  30-  50  oercent) 
and  108-108.5'  (mafic  content  greater  than  50  percent); 
generally  highly  weathered  except  completely  weathered 
from  108-108.5';  generally  soft;  discontinuities  dip  pre¬ 
dominantly  30-90  degrees.  63  percent  with  slick  en  side*  or 
gouge;  sign i Heart  chloritic  alteration  at  65.5',  no  som- 
ptes  lob  tested. 


C86-35 

N  711205 
£  1743760 

INCLINATION  VERTICAL 


Total  core  recovery  for  intervaf  cored  -  8  7Z 
Composite  ROD  =  18% 

Average  discontinuities/ft  =  6.5 


rosqRQOI  K  I  Is 
ECJ  *  rt/ckeU  pj, 


Qoi  alluvium,  unconsolidated  sand,  gravet.  cobbles,  and 
boulders  to  2. 4- foot  maximum  diameter. 


NOTES: 


gn:  gneiss;  greysh-white  to  greyish-  or  greenish -black; 
speckled  to  high  tty  bonded;  medium  grained;  moderately 
to  completely  weathered  and  soft  to  very  soft  (39.5- 
32.1’);  slightly  to  highly  weathered  and  medium  hard  to 
soft  (32.1-92.0*);  estimated  20-40  percent  moflej; 
vorkibly- dipping  discontinuities  with  a  slight  prefer¬ 
ence  for  35  degrees,  about  50  percent  with  gouge  or  doy 
filling;  no  samples  lab  tested. 


1.  See  plate  A- 11  for  LITHOLOGIC  LEGEND  relating 

to  drill  logs. 

2.  See  plate  A- 12  for  GENERAL  NOTES  relating  to 
drill  logs. 


U.  S.  AftMY  ENCMCtt  DttltlCT 
105  AHOCICS 

conn  or  cngmhks 


Total  core  recovery  for  interval  cored  —  89% 
Composite  ROD  -  35% 

Average  discon  t'muities/ft  »  6.6 


SEVEN  OAKS  DAM 

DRILL  LOGS 
STREAMBOTTOM 


imovKk  s*c-  ho.  d*c woe- . 


►AFETY  PAYS 


I  9MKT8I 

PLATE  A  *  16 


ENHANCEMENT 
THRU  ENGINEERING 


VALUE  ENGINEERING  I 


C86-37 

N  711210 
E  1744010 

INCLINATION:  VERTICAL 


C86-39 

N  711040 
E  1743890 

INCLINATION:  VERTICAL 


EL£V.  DPTH 
2074.1  0-0] 


*fi2£i-£S 


»  pH  — 


Qol:  Eluvium;  unconsolidated  *and,  grovel.  cobbles,  on d 
occasional  boulders  to  4-foot  maximum  diameter. 


gn:  gnsiss;  greyish -whits,  grey  to  dor*  grey,  and  pink  and 
block,  speckled,  mottled,  ond  poorly-  to  weM-foiiated 
with  foliation*  dipping  70-90  degrees;  generally  medium 
groined,  ophanilic  lone*  at  56.7-58.5'  and  75-77*.  por- 
phyrobiastic  from  95-97’;  estimated  2-40  percent  moflc 
content,  mahe-rich  ions*  ot  58.5-  59.1’  fgreoter  thon  40 
percent).  65.8-96.5’  (30  percent),  75-77  (greater  than  40 
percent),  ond  83-89’  (greater  than  60  percent);  highly  to 
completely  weathered;  soft  to  very  eoft;  variably-dipping 
discontinues*.  overall  36  percent  with  Nkkenside*  or 
gouge.  68  percent  steeper  thon  45  degrees  with  slicken- 
fides;  no  samples  lab  tested. 


Total  core  recovery  for  intervo!  cored  =  83% 
Composite  ROD  =  15% 

Average  discontinuities/ft  =  5.5 


Composite  ROD  =  41% 

Average  discontinuities/ft  =  46 


R86-40 

N  711625 
E  1744770 

INCLINATION:  VERTICAL 


C86-38 

N  711160 
E  1743760 

INCLINATION:  VERTICAL 


ELEV 

2102.0 


DESCRIPTION 


Qal  ol'uvium,  unconsolidated  eand,  grovel,  cobbles,  ana 
boulders  to  4.8-foot  maximum  diameter 


2052.5  49. Si 


R86-41 

N  711100 
E  1744310 

INCLINATION:  VERTICAL 


ELEV.  DPTW 
2080  7  0.0 

L0C 

DESCRIPTION 

* 

Ooi  alluvium:  unconsolidated  eond.  gravel,  cobbies.  ond 
occasional  boulder*  to  1.5- foot  maximum  diameter 

2039.7  41.0 

33 

gn:  gneiss,  bedrock  Identification  based  upon  drilling 
action  cuttings. 

SAFETY  PAYS 


VALUE  ENGINEERING  PAYS 


C86-39 

N  711040 
l  1743890 

INCLINATION:  VERTICAL 


OG 

core 

R€C 

ROD 

X 

* 

If 

DESCRIPTION 

id 

9= 

BE 

1 
fc».  5 

4J 

< 

< 

o 

t 

S 

I 

<L 

O 

z 

158 

119 

W 

* 

Qal:  alluvium;  uncon#oifdqt«d  Band,  gravel,  c obW**,  and 
occasional  bouidsn  to  3.5- foot  maximum  diam«t«r 
mud  (0*»  MtwMn  II-  l6". 

/ gn:  gnsisa;  light  brown,  gonoroiiy  maftlvs.  spscWsd; 

/  v*ry  slight  composition^  layering;  fin*  groined; 

B»timot«d  5-20  percent  mofic  content.  mafic-rich 
(greater  than  40  percent)  *on#  at  78-80.5’;  highly 
weothered:  soft  to  moderately  hard,  very  soft  78- 
80  5’;  discontinuities  dip  predominantly  25-85  do- 
gross.  approximately  30  percent  wit h  ellekensides 
or  goug*.  no  samplss  lab  tested 

o— >ioox  Totol  core  recovery  for  interval  cored  *  83% 

Composite  ROD  =  4155 
Average  discontinuities/ft  =  4  6 


R86-40 

N  711625 
£  1 744770 
INCLINATION:  VERTICAL 


s 


n 


Qo*:  alluvium,  uncpnsolldoted  sand.  gravwi.  cObblss.  and 
bouldors  to  *  8-foot  moximum  diamstsr 


R86-41 

N  711100 
E  1744310 

INCLINATION;  VERTICAL 


Ool.  dbuv*im:  unconsolidated  sand,  grovel,  cobbiee.  «id 
occoeldnd  boulder*  t„  1.5-fodl  ma.imutn  diameter 


*vgn«t«r.  be*oc*  Identification  boead  upon  drilling 

Action  W  cuttkifi 


MOTES: 

1.  See  plate  A- 11  for  LITHOLOGIC  LEGEND  rotating 
to  drill  logs 

2  See  plate  A- 12  for  GENERAL  NOTES  relating  to 
drill  logs. 
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Safety  pays 


ENGINEERING 


VALUE  ENGINEERING 


N  710509.5 
£  1 743830.2 
INCLINATION:  VERTICAL 


C86-04 

N  710710 
£  17AA365 

INCLINATION:  VERTICAL 


elev  oaixiloo  ico«a  rqo  i 

Wo  o.ol  feci  »  > 


Woter  Lsvel 
NOV  '84  c 
203X0  23.0  - 


2028.3  31.7  " 
34  2  ^ 


Qc.  cottuvtum;  unconeolldatsd  slightly  Sity  sand, 
gravel.  ond  minor  cobbles. 


M«rjwuj  Ai 


Qoi:  alluvium;  un  consolidated  sand,  grovel,  cobbles.  and 
one  2.5-foot  diameter  boulder. 


25 

154 

36 

.050 

159 

11 

148 

• 

8 

657 

207 

27 

286 

40 

* 

20 

43 

132 

292 

43 

318 

40 

.015 

1113 

26 

44 

55 

260 

♦ 

419 

28 

49 

60 

138 

38 

238 

70 

556 

350 

40 

551 

30 

• 

38 

297 

39 

466 

80 

32 

o 

170 

191 

21 

122 

0 

43 

21 

186 

IS 

31 

164 

23 

191 

620 

qd  dlorite;  speckled  light  greyish- white  ond  dark  grey 
to  block;  fine  to  coarse  groined,  predominantly  medium 
grained;  generally  moderately  weathered  and  moderately 
hard,  but  locally  highly  weathered  and  soft,  fine  groined, 
felsic.  ond  hard  from  62.2-64.2'  ond  183.9-192  3';  gener¬ 
ally  In  ten  eel  y  fractured,  but  locally  highly  froctured; 
fracture  surfaces  smooth  to  rough;  eewal  fractures  peril y 
healed  with  cddte  (generally  about  1/16- Inch  -  thick.  1  - 
1.5- Inch -thick  at  55. S');  shears  commonly  contoM  greenish- 
grey  or  reddish-brown  moderately  hord  to  soft  day  gouge, 
approximately  0.05- Inch -thick  or  lees,  some  with  siickenskJes; 
poesfcie  joint  sett  dtp  10-20  and  40-50  degrees,  many 
planar  joint  surfocet  with  evidence  of  movement;  minor 
potaeeic  alteration  indicated  by  a  few  pink  veinr.  one  som- 
pie  tested  for  compressive  strength;  see  general  note  4. 


Total  core  recovery  for  interval  cored  -  93% 
Composite  ROD  =  34% 

Average  discontinulties/ft  -  5.8 


Qc  coUuvium;  cobble-  to  boulder - 
dighty  slty  sond  matrix  from  0-3( 
sand  and  grave*-  to  boulder  -  size 
sandy  from  89-95',  sand  ond  tom 
95-116' 


qd:  diorlte;  greyish-white  and  biacl 
speckled;  medium  grained;  weotheri 
extremely  variable  due  to  a  high  d« 
erotely  io  completely  weothered  am 
soft);  g^ e l ssic -appear in q  rock  at  t 
138.0’.  and  189.8-190  1  ;  minor  co1 


fiHings;  leucocrotlc  fine  grained  diW< 
304.1-306.9'.  ond  308.8-309  l'.  gr 


(0.2-foot-thick,  dipping  50  degree* 
faulted  on d  sheared  zone,  soft  to  > 
•tiled,  dike  fragments  in  gouge  at 
239.5'(mived  broken  zone  of  pink  1st 
chloritired  dlorite  with  potossic  olte 
brown  "plastic*  gouge,  dipping  60  c 
toct),  331.3-339.2'  ("mushy"  shear 
ond  350.0-350.3'  (0  1  -  foot -thick, 
lably-dlpping  discontinuities  dip  pre> 
grses  with  concentrations  ot  45  on 
healed  or  filled  with  thin  gouge,  opi 
percent  with  siicksnslde*  or  gouge; 
for  compreeslve  strength  ond  one  : 
analyzed;  see  general  note  4 


AFETY  PAYS 


AH  if  ENGINEERING  pays 


T86-Q4 

N  710710 
£  1744365 

INCLINATION:  VERTICAL 


C86-04  (Continued) 


OESOHPTKN 


Qc:  cottuw/m;  cob Wo-  to  bouldor-size  rock  dost*  In  o 
Blighty  elty  Bond  matrix  from  0-30';  sandy  from  30-42'. 
xxid  ond  grov«l-  to  bouidar-*Jze  datts  from  42-89'; 
tardy  from  89—95';  sand  ond  torn*  cc bbim-aiia  dusts  from 
95-H6*. 


0—4100* 


<t<J  diorlto;  gr*y*»r»-whlts  and  block  to  groaniih- block; 

•peck  1*0;  medium  grained;  weathering  ond  rock  hordnsss 
extremely  rariqbta  due  to  a  high  degree  of  shearing  (mod¬ 
erately  to  completely  weathered  and  medium  hard  to  very 
•oft);  gnBfBde-qppoarina  rock  ot  120.5-120.8',  137.7- 
138.0'.  and  189.8-190.1  ;  minor  caleito  os  discontinuity 
fih*uja;  loucocrotlc  fine  grained  dikss  at  187. 8-168. 1‘, 
304.1-306.9',  ond  308.8-  309.  T‘;  goug«  zone*  at  183.0-183  6* 
(0.2- foot- thick,  dipping  50  degrees).  210.5-231.7*  (highly 
faulted  and  sheared  zona,  toft  to  vary  soft,  highly  chlor- 
itized,  dike  frogmsnts  in  goug*  ot  2168-21 7.4^.  231.7- 
239.5*(ml*ed  broksn  zona  of  pinkish-whits  dfte.  groan 
ch'oritizad  dtorite  with  polos sk:  of  tarot  <cn  and  reddish  - 
brown  ' pi o» tic'  gouge,  dipping  60  dagraaa  at  bottom  con¬ 
tact).  331.3-339.2'  (*mudiy*  shaorad  diocite  and  gouge), 
and  350.0-350.3'  (0. 1  -  foot- thick,  dipping  50  degree*);  vor- 
Wy- dipping  discontlnuitl#s  <flp  predominantly  40-75  da- 
grsej  with  concsntrotlons  ot  45  and  75  dagraas.  m<*y 
hsolad  or  fBled  with  thin  gouge,  approximately  80 
percent  with  sHckansktas  or  gouga;  ona  oompto  lot)  tastad 
for  compraoaiya  strength  and  ona  sampfa  patrographlcotly 
d.  «aa  general  note  4. 


Total  core  recovery  for  interval  cored  =  78% 
Composite  RQD  =  18% 

Average  discontinuities/ft  =  6.4 


NOTES: 


1.  See  plate  A-11  for  LITHOLOGIC  LEGEND  relating 
to  drill  logs. 

2  See  plate  A-12  for  GENERAL  NOTES  relating  to 
drill  logs. 


Safety  pays 


1  » 


0.  S.  MMY  ENCMESt  DgltlCT 
LOS  ANGEUS 
CO«n  Of  ENGMECK 


SEVEN  OAKS  DAM 

DRILL  LOGS 
LEFT  ABUTMENT 


SWC.  no.  (MCwoy. . 
wstetcr  mi  mo 


THRU  ENGINEERING 


w 


VALUE  EN^»N^ERING  i 


C84-07 

N  711250 
E  1743270 

INCLINAPON:  VERTICAL 


C84-08 

N  710860 
£  1743160 

INCLINAPON:  47'  (from  horizon tc 

BEARING:  N45W 


ElEV. 

2090.0 


DPTHI 

ool 


ROO 

* 


1$ 

P*i 


Oc:  colluvium; 

minor  grovel 


DESCRIPTION 

unconsolidated  slightly  silty  sand  with 


gn:  gneiss;  greyish- whits  and  grayish-  to  greenish- block 
with  pink  potossic  oJ taxation;  fin*  to  medium  groined; 
generoHy  completely  waathsrad  and  soft  from  30.1-53’. 
generally  moderately  waotharad  and  moderately  hard  but 
locally  complataly  waotharad  and  soft  from  53-153.  gen¬ 
erally  unwaothared  to  slightly  waotharad  from  153-201.5’; 
steeply—  doping  foliation,  moro  distinct  from  176—201.5’; 
guortzofeldepathic  to  matte  rich,  mafics  commonly  altarad 
to  day  from  30.1-53',  intensely  froc lured  or d  ih cored  from 
30.1-153’,  highly  froctured  from  153-201.5’,  with  froctures 
Jipplng  ot  rondom  orientations:  frocture  surfaces  smooth 
to  rough,  commonly  coot  airing  a  cloy  coating;  possible 
joint  sett  dip  10-20.  *0-45.  and  60-65  degrees,  most 
pi  on  or  joint  surfaces  with  evidence  of  movement,  no 
samples  <ab  tested 


Total  core  recovery  for  interval  cored  *  67% 
Composite  ROD  =  18% 

Average  discontinuities/ft  =  7.6 


C86-01 

N  710800 
E  1743175 

INCLINATION:  VERTICAL 


ElEV.  DPTW 

2050.0  0.0 


Water  Level 
OCT  '86 
20«2.t>  ».»| 


»0D, 

* 


DESCRIPTION 


Oal:  alluvium;  unconsolidated  sand,  gre 
boulders  to  2- loot  maximum  diameter 


2032.5 


I 


qd.  diorile;  speckled  greyish-white  one 
groined;  slightly  weathered,  recoverod 
hard  to  hard,  softer  59-61';  ditcontim 
onglet,  evidence  of  movement  in  rougt 
most  steeply- dipping  discon t in uitias  (7 
contain  gouge;  gouge  zones  to  0.5  in< 
and  73'  dip  80  and  75  degrees,  respe 
thick,  near- horizontal  green  gouge  ot 
tested  for  compr*eeiv«  strength;  see  < 


Totol  core  recovery  for  interval 
Composite  ROD  *  40% 

Averoge  discontinuities/ft  =  44 


SAFETY  PAYS 


A  LUE  ENGINEERING  PAYS 


I 


C84-Q8 

N  710860 
E  1743160 

INCLINATION:  47'  (from  horizontal) 
BEARING:  N45W 


qd  diorite:  speckled  light  greyish— whits  and  do rk  grey 
to  tiock;  medium  groined;  moderotely  weathered  and  modw- 
oteiy  hord.  but  locoRy  highly  *eothered,  highly  weathered 
and  soft  from  37-42’;  highly  to  interseiy  froctured.  with 
fracture  surfaces  smooth  to  rough;  intensely  theorsd  with 
fault  breccia  and  gouge  from  41-50';  predominont  Joint  sets 
dip  45-50  degrees,  many  pionor  Joint  surface*  healed,  others 
eitn  dickens-det;  minor  cofc/fe  at  53.!’,  67.2',  and  33.3'.  two 
samples  tested  (or  compressive  strength:  see  genercl  note  4. 


C86-Q3 

N  710955 
E  174-3260 

INCLINATION:  VERTICAL 


£L£V  DPTHi  LOG  CORE!  ROD)  K  |  1,  ) 
2058  2  0.0  RCC.  X  jrt/doii  psi  [ 


Ool:  alluvium;  unconsolidated  sand,  gravel,  cobbles,  and 
boulders  to  6— foot  maximum  diameter. 


qd.  diorite:  speckled  greyish  -  white  and  black;  medium 
grained;  slightly  weothered;  generally  medium  hard  to 
hard,  occasionally  soft  or  very  hard;  no  apparent  pre¬ 
ferred  discontinuity  inclination  —  randomly  distributed, 
approximately  40  percent  slickensided  or  gouge- filled 
to  0.1 -inch— thick;  0.5 -inch -thick,  gouge-filled  discontinuity 
inclined  70  degrees  at  73.8';  0.25-inch -thick,  gouge- filled, 
near -horizontal  shear  ot  65.2’:  one  sample  >ob  tested  for 
compressive  strength;  see  general  note  4. 


Totat  core  recovery  for  intervol  cored  =  88% 
Composite  ROD  =  45% 

Average  discontinuities/ft  =  5.4 


Total  core  recovery  for  interval  cored  =  99% 
Composite  RQD  -=  52% 

Average  discontinuities/ft  =  3.6 


C86-Q1 

N  71 0800 
E  1743175 

INCLINATION  VERTICAL 


:ORE]RQ0|  K  I  I,  I 
R£C.  X  hW  ps- 


Ool  alluvium;  unconsolidated  sand,  gravel,  cobbles,  and 
boulders  to  2- toot  maximum  diameter 


qd:  diorite,  speckled  greyish -white  and  black;  medium 
groin od;  slightly  weothered;  recovered  core  medium 
Hard  1o  hord.  softer  59-61';  discontinuities  dip  at  all 
ongtes,  evidence  of  movement  in  roughly  25  percent; 
most  steeply- dipping  discontinuities  (70-90  degrees) 
contain  gouge;  gouge  zones  to  0.5  inches  thick  at  39‘ 
and  73"  dip  80  and  75  degrees,  respectively.  0  2  5- inch - 
thick,  neor-horiiontol  green  gouge  at  62.8';  one  sample 
tested  for  compressive  strsngth;  see  general  note  4. 


NOTES: 


1.  See  plate  A — 11  for  LITHOLOGIC  LEGEND  relating 
to  drill  logs. 

2  See  plate  A- 12  for  GENERAL  NOTES  relating  to 
drill  logs. 


Toto!  core  recovery  for  interval  cored 
Composite  ROD  -  40% 

Average  discontinuities/ft  *4.4 


U.  S.  ARMY  ENGINEER  DISTRICT 
LOS  ANGELES 
CORPS  Of  ENGINEERS 


SEVEN  OAKS  DAM 


DRILL  LOGS 
RIGHT  ABUTMENT 


>AFET  Y  PAYS 


ENVttONMENTAL 


VALUE  ENGINEERING  PAYS 


r.86-23  (Continued) 


0— *ioox  Totol  core  recovery  for  interval  cored  =  90% 

Composite  RQD  =  33% 

Average  discontinuities/ft  *  3.4 


NOTES: 


1.  See  plate  A -11  for  LITHOLOGIC  LEGEND  relating 
to  drill  logs. 

2.  See  plate  A— 12  for  GENERAL  NOTES  relating  to 
drill  logs. 
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PLATE  k-n 


ENVMONMENTAl 
ENHANCEMENT 
THRU  engineering 


VALUE  ENGINEERING 


R86— 06 

N  710905 
E  1745368 

INCLINATION:  VERTICAL 


C86z i3Q 

N  710957 
E  1745372 

INCLINATION:  VERTICAL 


ElEV,  DP1H  LOG  DESCRIPTION 

2136,7  0-0  _ 

-  Qf.  colluvium;  occasion©)  lock  dost*  'm  <j  brown, 

^  ;  slightly  *«ty  »ond  motrl*. 


EL£  V  OPTHj  LOG  COREI  ROD  t 
2121  9  001  [Rtcl  X  L 


DESCRIPTION _ 

Oc-  eluvium;  Ml^tly  silty  *ond  « 
\  occoakjnol  rfiorite  rock  doata. _ 

Ool  alluvium;  unconsolidated  send,  gr 
ond  boulders  to  4.2-foo*  mo*imum  di 
diorita  tolua  dsbrls  mterm'ksd. 


7<rc  Qai  oiluvium;  uncon*olidoted  aond,  grovel.  cobbles.  ond 
boulder*  lo  3-foot  manimum  diometsr 


Wo  tar  Level 
APR  '87 


Water  Level 
OCT  »6 
2093  3 


2066  7  70  0  , 

2063.9_L2.jL 


'  q<t  dioritr.  bedrock  identification  bated  upon  drying 
action  ond  cutting* 


C86-Q7 

N  710881 
E  1745340 

INCLINATION;  VERTICAL 


ELEV  OPTHI  LOG  CORE]  ROD] 
2136,6  0.0|  {WCCf  X  f 


Oe:  colluvium;  occasional  rock  cloata  in  a  brown. 
Nightly  silty  aond  motri*. 


Ool:  alluvium;  uncon »o0 doted  »ond.  gravel.  cofcblM.  and 

occoaionai  boulder*  to  3-  foot  mo*imum  diameter. 


gd:  dioflte;  speeded  light  grey)*h-whi 
medium  groined;  modi  jtely  ta  slight) 
to  occasionally  «ery  hard;  vorlobly-dip 
uitles  with  a  slight  prsference  of  30- 
•urfoces  dean,  approximately  15  pero 
of  movsment;  prominant  theor  zone  i 
*licken aide*  and  recemented  gouge  fr« 
sample  fob  tested  for  compr««sfvw  *tf 
note  *. 


Total  core  recovery  for  interval 
Composite  ROO  *  46% 

Average  discontinuities/ft  *  5 


qd:  dioritr,  speckled  light  greyish- white  and  dork  gray 
to  Nock;  mostly  mwdhjm  grained;  Nightly  weathered  to 
un  weathered;  general y  medium  hard  to  hard,  occasionally 
very  hard;  meet  diseonttnulfee  <9p  20-65  degree*  with  a 
alight  prtferenea  for  50  and  65  degree*,  25  percent  of 
discontinuity  surface*  contain  thin  gouge  or  Nlckeneidee; 
prominent  dickensided  fracture  at  73 .T  dio*  55  degree*; 
crushed  rubble  Tone  51.3-521’;  quart  to  fddppathie  dike, 
hard  ond  brittle  57.3-  56  0';  one  sample  tested  for  eompre*- 
sive  strength;  see  penerol  note  4. 


Total  core  recovery  for  interval  cored 
Composite  ROD  *  38% 

Average  discontinaities/ft  =  3.1 


Mug  ENGINEERING  pays 


C86-30 

N  710957 
E  1745372 

INCLINATION:  VERTICAL 


£86^ 

N  710906 
E  1745418 

INCLINATION:  VERTICAL 


-SMS 


El  tV.  DPTH 
2IJ7  5 


0 c:  co»uvium;  slightly  silty  sand  Ond  grovel  with 

S.  occosiqnal  diorjte  rock  daets. _ 

Qd  alluvium;  unconsolidated  »ond,  grovel,  cobblti. 
ond  boulders  to  4. 2 -foot  maximum  dtometer,  occasion^ 
diofitff  tdu«  ds&ris  intermixed. 


2.2,0b. 


Water  Ltvof 
AP«  ’87 

mji 


dbritc  speeded  tight  <r ey>sh - white  ond  Week; 
m*<jkjfn  gram**  moderately  to  slightly  weathered;  toft 
to  occasionally  <*ry  hard:  variably- dipping  discontln- 
uitiw  with  a  slight  preference  of  30-70  most 

surfaces  clean,  approximately  15  percent  with  evidence 
of  movtmtni;  prominent  sheor  zone  dipping  70  defect  with 
sdckensides  and  recemented  gouge  from  103.3-104  2\  one 
sample  lob  tested  for  compressive  strength;  see  generof 
note  4. 


2050.0  87  5 


L00 


■««»»  *£? i&ZnfzrszsF*-- 


ad  diorite;  berboch  identification  bosed  upon  dr.liinq 
act#cn  ond  cuttings. 


Total  coro  recovery  for  interval  cored 
Composite  ROD  *  46% 

Average  discontinuities/ft  *  5  4 


98% 


NOTES; 


V  See  plote  A-11  for  LITHOLOGIC  LEGEND  relating 
to  drill  logs. 

2.  See  plate  A— 12  for  GENERAL  NOTES  relating  to 
drill  logs. 
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PLATE  A-*1 


*aFTTy  pays 


C 86-12 

N  709665 
£  17*4005 

INCLINATION:  VERTICAL 


C86-13 

N  709648 
E  17*4020 

INCLINATION:  VERTICAL 


VALUE  ENGINEERING 


C 86—24 

N  709678 
£  1743994 

INCLINATION:  60'  (from  horizon 
BEARING:  N50E 


LOG 

CORE] 

REC. 

RQO 

X 

K 

Is 

P*1 

—0 

-  e. 

0~  - 

■ 

-  j> 

m 

E 

■ 

H 

ig 

B 

* 

4- 

4- 

4- 
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• 

4- 
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4- 
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4- 
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+ 

4- 
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+ 
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4- 
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zE~ 
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• 
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4- 
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* 

4- 
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4- 

- 

* 

4- 

:.:T" 

131 

+ 

SS3 

+ 

iS 

m 

L— 

« 

+ 

= 

104 

141 

4- 
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DESCRIPTION 


QC;  cotuwium;  diorite  rock  clasts  to 
in  o  brown,  slightly  e#ty  tond  matrix. 


gd:  diorite;  speckled  greyish- white  c 
groined;  minor  secondary  colcile  79- 
weothered  to  34. S'  than  tfi^tly  weat 
no  tod  t>olow;  generally  moderately  ha 
discontinuities  Inclined  at  all  angles  « 
preference  of  10,  30,  40,  and  45  dei 
axle;  surface*  generally  dean;  let*  tl 
ellcken sided;  highly  to  moderately  woi 
103.3-106.6’,  slight  chlorlti lotion,  20 
prominent  surfaces  inclined  60-  70  d< 
axle;  rock  rubbis  39.3-41,0'  ond  SO 
lab  tested. 


Composite  ROD  =  36% 
Average  discontiouities/ft  = 


C86-25 

N  709675 
E  1743991 

INCLINATION;  VERTICAL 


ClCV  OPTH 
21350  00 

LOG 

COPC 

RCC 

ROD 

|JL 

K 

h/doj 

Is 

psi 

DESCRIPTION 

6^  ' 

■7\ 

-A 

< 

s 

c 

i 

m 

w 

a.  | 
o  1 
*  1 

269 

262 

Qe:  colluvium;  cobbie-size  dio*ite  r 
slightly  silty  sand  matrix, 

/ gd:  diorite;  speckled  gr%yish-whlte 
'  groined;  highly  to  moderately  weot 
hard;  variably- dipping  discon fnuUl 
rough  md  dean  (but  varying  to  » 
no  samples  lab  tested. 

2086.6  46-4 

dfcj 

0— moo*  Total  core  recovery  for  Inter 

Composite  ROD  =  32% 
Average  dlscontinuities/ft  * 


Safety  pays 


[AlgE  engineering  pays 


DB6-24 

N  709678 
E  1743994 

INCLINATION:  60'  (from  horizontal) 
BEARING:  N50E 


«Q0l  K  .  .. 

«  jl/wl  P« 


Qc:  coBiivtum;  dioff'to  roc*  dost*  to  12- inert  diameter 
in  o  brown,  sity  *ond  motrnr.  firmer  below  6  , 


qd;  dlorite;  speckled  greyish -white  ond  block;  mecCum 
yolned;  minor  secondary  caicite  79-103’;  moderately 
weathered  to  34.5'  then  slightly  weathered  except  os 
noted  below,  generally  moderately  herd  to  very  hod; 
discontinuities  Inclined  at  aU  an^es  with  a  alight 
preference  of  10,  30.  40.  45  degree*  to  the  core 

■mi a;  surfaces  generoffy  dean;  fee#  than  10  f*rc*>i 
•lichen sided;  highly  to  moderately  weathered  shear  zone 
103.3-106.8'.  dt^it  chloritizatton,  20-90  percent  gouge, 
prominent  surfaces  inclined  60-70  degrees  to  the  core 
oxis;  rock  rubble  39.3-41.0’  ond  50.1-50.6';  no  samples 
lab  tested. 


Total  core  recovery  for  interval  cored  —  98% 
Composite  ROD  ■=  36% 

Average  discontinuities/ft  »  5.1 


C86-25 

N  709675 
E  1743991 

INCLINATION:  VERTICAL 


“l 

CORE 

RCC- 

RQO 

X 

K 

ft/*h 

Is 

|_E2_ 

DESCRIPTION 

T| 

T  i 

"o 

3 

■ 

-  j 
71 

_£ 

+ 

1 

32 

_ ! 

£ 

5 

£ 

§ 

i 

a 

O 

z 

‘289 

l»L 

;  Qc:  coHuvIym;  cobble- size  d'torite  rock  doets  in  a 
slightly  silty  sand  matrix. 

/  9*  dlorite;  heckled  ysyleh- white  and  Mack;  msdwn 
groined;  highly  to  mo  derat  sty  weathered;  vary  soft  to 
bordt  wariaMy-dlbpbky  dlscontVmttle*  predominantly 
rough  w*d  risen  (but  varying  to  fmooth  and  gouge- f*ed>. 
no  eamttoa  lot  tested. 

Totol  core  recovery  for  interval  cored  —  100% 
Composite  ROD  -  32% 

Average  discoofmuities/ft  -  4.4 


Safety  pays 


NOTES: 


1.  See  plate  A- 11  for  LITHOLOGIC  LEGEND  relating 
to  drill  logs. 

2.  See  plote  A-12  for  GENERAL  NOTES  relating  to 
drill  logs. 
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PLATE  A-?9 


ENHANCEMENT 
THRU  ENGINEERING 


VALUE  ENGINEERING _ PA] 


R86-08 

N  709390 
E  17«675 

INCLINATION:  VERTICAL 


C86-VQ 

N  709390 
E  1743685 

INCLINATION:  VERTICAL 


ctEv  op  th 
2021  0  0-0 


1952.3  68. 9i 


description 


Qm i-  oHov+um;  unconsolldatod  *on<J,  grovel,  cofeWos,  ond 
occasional  bouidon  to  2- foot  maximum  dwmator.  Roflar 
bit  broM  off  #i  hols;  hoi*  abandoned  l»1or»  enccunivrtn? 
ba&ock. 


SAFETY  PAYS 


- - IfrrnaKlxjt  _  ;  .. , 


LU£  ENGINEERING  PAYS 


C86-10 

N  709390 
E  1743685 

INCLINATION:  VERTICAL 


Composite  ROD  =  0%  NOTES; 

Averoge  discontinuities/ft  —  10.0 

1.  Ses  plate  A- 11  for  LITHOLOGIC  LEGEND  relating 

to  drill  logs. 

2.  See  plate  A- 12  for  GENERAL  NOTES  relating  to 
drill  logs. 


■ ' •  '  *  .* - . - 


VALUE  ENGINEERING  PAYS 


r.86-09 

N  712160 
E  174*770 

INCLINATION:  VERTICAL 


r86-09  (Continued) 


OCSCW PTKJN 


qrv  gneie*;  greyt*h-«t>ite  to  grey-Woch,  locdty  pinkish, 
•padded  to  dightfy  banded;  modarotaly  to  completely 
»*othere<t  modhm  hard  to  hard.  k>caiy  vary  soft  or 
•oft  throughout  hot*;  mafic  minor oi  content  general  y 
20-25  parcant;  predomyiontly  mode  Intervd*  ot  35.7- 
351',  70-2-72.9',  94.8-97.3'  and  185.3-198.5';  m*or 
edcite  oa  froctura  filing  throughout;  diacontJnuttiee 
g enaroNy  Wad  »Hh  gauge-like  material.  locally  with 
afccfcenwdee;  eamploe  lob  teeted  for  compreaeive  strength, 
petro^aghle  ondyei*,  dnd  rode  quality;  too  general 
not#  ♦. 


Total  core  recovery  for  interval  cored  ®  71* 
Composite  ROD  -  22% 

Average  discontinuities/ft  =  5  8 


C86-11 

N  712055 
E  1744570 

INCLINATION;  VERTICAL 


CLEV.  DPTH 
23910  0.0 


DESCRIPTION 

go:  goers*.  greyieh-«hlte  to  gray-block:  speckled  tj 
slightly  banded;  medium  groined;  highly  variable  (ti  ' 
to  complete)  weathering  throughout  hole;  ganarollyl 
hard  to  hard,  laoally  aoft  to  very  sol t;  poorly  1o  <* 
developed.  steeply  <*pp*ng  (45-90  degree*)  foiiot<oo| 
mafk  con  ton  t  generally  20  porcant,  75  par  cant  mail 
between  242.1-244.1*;  laucocrOtic  diha  116.5-119  7  } 
minor  calcite  at  dlecontlnuKy  fitting  common  below  I 
voridrfy-dipplng  diacontlnultiaa  generally  day- Wed,  . 
tom*  with  »lcfc*n slide*.  0.6- inch -thick  gouge  lone' 
dtps  65  d*gr— «;  sampta*  lob  tasted  for  compra»*ly 
petrographic  oodyeis.  and  rock  quality.  *e«  general 


0— MOO* 


Safety  pays 


UE  ENGINEERING  PAYS 


C86-Q9  (Continued) 


AFETY  PAYS 


ENVffOMMENTAL 

ENHANCEMENT 
THRU  CNQlNCERMO 


VALUE  ENGINEERING  Pi 


C86-14 

N  711960 
E  1744450 

INCLINATION:  VERTICAL 


CUV  OPTHILOGjCORGRQDI  *  j  1,1 
2337.0  Q.o]  )WEH  »  g*  > 


t  L0G  POREI  RQO  | 
2259.0  O.Q)  IREC.I  X  L 


go:  qnoiea;  groj4oh-»rf>Ko  to  gray-Wock,  apockiod  to  dia- 
tinetfy  bondod;  Una  to  cootm  grai nod;  t0-30*  gonoroffy 
highly  t«  completely  woathorod  30-221.5’  gonero*y 
modorctoly  to  atightfy  woathorod.  loedKy  highly  to 
compiotdy  woathorod;  gonoraEy  modkim  hard,  locaky 
hard  to  vary  aoft  foliation  poorly  to  wefl-doviopod 
and  atoopiy  dipping  (45-90  dograaa);  15-25  porcont  mafic*, 
except  SO  porcont  mafic*  from  101.1-102.5’  and  141.5-145.6'; 
Mwcocrqtk  to  plnkW>  fine  grain  od  <fk«*  at  26-9’  (0.2- 
foot- thick.  bcokon),  61.3'  (0.9- foot- thie*.  brofcon).  154  9' 
(0.4— foot- thick,  doping  50  dogrooa).  195  2'  (6.8- foot- thick, 
moored  contact,  dipping  75  dogroot).  215.4*  (0.^5- foot- 
thick.  dipping  40  dogrooe);  minor  catcHo  bolow  36.  T. 
vwldbly-dppMg  dteontbultioa,  40  porcont  dip  35-45 
dogrooa,  gonorc*y  Nightly  rough,  i© edEy  rough  to 
ilicfconeidod.  go noraHy  doy-  fPod.  but  locally  doon, 
aompMo  top  tootod  for  potrogrophic  andyoM  and  rook 
OudiHy:  H*  gonoral  noto  4. 


0§&z22 

N  712155 
£  1744370 

INCLINATION.  VERTICAL 


gn:  gnoisa;  greyiah-whito  to  groyiah-  or  g 
motfum  groinod;  modorota  to  complo  Wy  * 
««ry  ao*t  to  modkim  hard  (9.6-25  );  Night 
nathrad  and  modkim  hard  to  locally  mry 
«oridbia  foliation  from  nondiotinct  to  weli-e 
dipping  60-90  dogrooa;  minor  co/cite  oa  d. 
flUngo  from  40-119.7';  vorloWy-  dipping  d>s 
predominantly  rough,  ranging  to  amootr  o' 
vorlabiy  door  or  ciay-fltlod.  predominantly 
§.6-6».  predominantly  fSled  from  69- ”9  ] 
porcwtt  ovoroH  with  gouge;  aomptes  lab  cm 
graph  .'o  analyst  and  rock  puc'  iy,  »«*«  J«n« 


Total  core  recovery  for  interval  cor 
Composite  ROD  =41/5  1 

Average  <3iscont«nuities/ft  =  48 


Total  core  recovery  for  Interval  cored  -  89* 
Composite  RQO  *  34% 

Averoge  diecontinuitlee/ft  *  6,8 


AFETY  PAYS 


ALUE  ENGINEERING  PAYS 


C£&z21 


N  712155 
£  174-4370 

INCLINATION:  VERTICAL 


on  gnoiss:  jf«)Wi-»l'l<«  to  r»yWi-  »<•  9r**ni«h-b(oek; 
mddium  yo*t«  mod»«l4  to  eompiololy  wtnorrt  onO 
_,y  lo  mtdiurn  Itord  (9.6-25 );  fli#illy  to  moderately 
.eettme  and  me*»"  herd  to  locddy  very  eo«  (25-119.7); 

M'uitior,  from  non  distinct  to  »e#- developed, 
dioono  60-90  degree*;  minor  coldto  o*  discontinuity 
niinos  from  40-U9.7’:  vdrfoWr- dipping  discontinuity*, 
prtdomincntly  rough.  ranging  to  smooth  or  tficfconsKted. 
vwioWy  dean  or  day-Wed.  predom  in  an  tty  dean  from 
9d-69’,  predominantly  filed  from  69-1TS.7*.  at  least  <0 
p*c«it  ovya*  «Hh  gouge;  samples  loti  tested  for  petro- 
graprtc  analyeie  *>d  rod*  quality,  see  gen  ere*  note  *. 


fotal  core  recovery  for  interval  cored  =*  93% 
Composite  ROD  =  41% 

Average  aiscontinuities/ft  *  4  8 


NOTES: 


1.  See  plate  A- 11  for  LITHOLOO.C  LEGEND  relating 

to  drill  logs. 

2.  See  plate  A-12  for  GENERAL  NOTES  relating  to 
drill  logs. 

3.  High  concentrations  of  point  load  tests  are 
generally  related  to  intervals  laboratory  tested 
for  rock  quality. 
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VALUE  ENGINEERIN 
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EL£V.  OPTH 
2704.0  0.0| 
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C86-15 

N  709258 
E  1746180 

INCLINATION:  VERTICAL 

DESCRIPTION 


C86— 1 6 

N  709195 
£  1746880 

INCLINATION:  VERTICAL 


pi:  gnma*.  brown,  light  g r«y  to  dork  gray.  ond  pink; 
mosai««  to  mottM  with  w*ofc  foliotlon  dipping  25-60 
dog row*;  maflc  contort  ranging  from  5-20  parcant  with 
mafic— rich  (40  parent  max.)  *onaa  0.2 -0.5- foot- thick 
throughout  tha  core;  gar  or  a Uy  modarotaty  to  highly 
wootharwd  ond  *o«  to  rnotfium  hard,  complataly  wactharad 
or d  vary  *oft  from  9.3—30’  end  93—102’,  diacortlrHiltiaa 
dip  predominantly  60  dagraoa  with  a  rang#  of  10-90 
4tgM,  about  60  par  cant  with  aiickonaidao  or  gougr. 
guortzofoldapothle  dike  tapping  noor  00  do graai  ot  139': 
gouga  zona*  at  74’  (0.3 -foot -thick)  and  122*  (0. 25- inch - 
thick)  With  Chloritic  altaration;  no  aomplaa  lob  teatad. 


Total  core  recovery  for  interval  cored  -  37% 
Composite  ROD  »  4% 

Average  discontinuities/ft  »  6.7 


SAFETY P/ 


I 


_vaiue  engineering  fays 


C86zJ6 

N  709)95 
E  1746880 

INCLINATION:  VERTICAL 


C86-16  (Continued) 


ELCV.  OPTM  |  LOG  |COR£]  R00|  K 
2738-2  231  5 


an:  mtin;  greyieh-white  to  pinkish  varying  to  greyteh- 
or  graenieh-Woek;  Apeokfed  to  distinctly  toUaisd 
medium  grained.  some  mafic-rich  tons*  or«  fins  grain  set 
highly  to  completely  wsotherad  and  soft  to  vary  soft 
(t0-42‘),  generally  moderately  eaathsred  and  irvsdhjm 
hard  (42-181.5'),  and  slightly  to  unaaathered  *td  me<ium 
hard  (181  5-295.r);  dltfU/y  to  W*ily  footed,  with 
foJiotkm  dipping  40-80  d*qr—*.  tonss  vHth  50-55  poresnt 
mafic  mk»eral*  at  106-107.5’  and  137-138.1';  mkrof  ocdcits 
as  discontinuity  fiHVtg*  throughout;  tons*  of  mostly  fault 
gouge  at  108.2-11 3.0'(v«ry  broken  with  "plastic'  gouge), 

1 71.2-1 72.8',  177.0-177.5'  ("plostte')  and  178-t8l.5r 
("plastic');  variably- doping  discontinuities,  30  par¬ 
ent  dip  35-45  degrees,  smooth  (same  sWeksnsIdss)  to 
rough,  and  clean  or  gouge-  filed  (roughly  45  percent  with 
gouge);  eompies  lob  tested  for  compreseivs  strength, 
petrographic  moiyete,  and  rack  quofityt  tee  general  note  4. 


Total  core  recovery  for  interval  cored 
Composite  ROD  *  69% 

Average  discontinuities/ft  «  6.3 


NOTES: 


1  See  plote  A- 11  for  LITHOLOGIC  LEGEND  reloting 
to  drill  logs. 

2.  See  plote  A- 12  for  GENERAL  NOTES  relating  to 
drill  logs. 

3.  High  concentrations  of  point  load  tests  are 
generally  related  to  intervals  laboratory  tested 
for  rock  quality. 


108  AM08US 

_ _ cctn  or  woi— s 

tttfTA  MSA  UNCR  MAWSITO,  CAUT08NI* 


SEVEN  OAKS  0AM 


DRILL  LOGS 
SPILLWAY 


SI8C.  HO.  0ACWP4. _ 


AFETY  PAYS 


-S’ 


£  1746212  E  1746520 

INCLINATION:  VERTICAL  INCLINATION:  VERTICAL 


description 


gn:  gnoi— ;  brown,  li^il  gray  to  dork  gray,  occooioooky 
pW;  mo— I—,  —My-  to  wed-*oiiated  with  W*otk>nt 
dipping  30  dog row  and  00-00  degree*  highly  to  completa- 
1y  — oth—d  and  —ft  to  madbm  Haro;  2-  to  5-foot- thick 
mafle-rtoh  (15-30  percent)  xon—  Intermittent  throughout 
tha  corr.  «ocontktuiti—  dtp  prodomln—  tiy  40-75  dogr— . 
about  60  P«rc— t  wHh  dick— aid—  or  gouge,  many  healed, 
—van  with  about  0.25- Inch- wipo,  gougo-flbod  aperture* 
gr— I— -gray  dfca  (0.2-#— t-aido.  dipping  SO  dogr— •)  at 
78.3';  —mp4—  iob  t— tad  for  potrographie  an  of  yd*  — d 
rock  quofHx  —a  ganarai  nolo  4. 


Total  core  recovery  for  interval  cored  -  69% 
Composite  ROD  -  9 % 

Average  discontinwties/ft  *  A  8 


DESCRIPTION 


0„:  gnat—;  groyiah-whlte  to  pinktoH 

or  gra— tah-tHook;  — »c Wad  to  pom 
tinctly  bonded  »<th  foliation*  d*ppi"< 
g— araily  medM*«  to  —or—  groinad 
mafic- rich  ion—;  h**»y  to  rompia' 
enmplotaly  to  eiightty  — prharod  M 
noting  xon—  (67-  329.6^;  — ft  to  1 
rnaraPy  modern  hord  but  ranging 


generally  modern  hord  but  ranging 
(67-329.6'):  ran—  w***  50-60  par 
160.3-166  3*.  169.3-192.6',  216.7-: 


160.J-IW*  J,  * 

minor  calcHe  a*  dlocantinuity  fW»ngi 
gouga-  6M*d  X—  at  123.7“  (0.3-f 
dp  0.2-foot  morlmum  length  bioci 
gouge),  194.6’  (0.5- foot- thldk,  brd 
27 oY  (0.15-foot-thick,  40-dogroe 
dieoontinuitl— ,  oimoet  40  parcant  c 
70  parcant  with  thin  gouga;  oomph 
pro— ive  etrength.  pet-ogrophic  anal 
•M  ganarai  note  4. 


VALUE  ENGINEERING  PAYS 


C86-18 

N  709015 
£  17*6520 

INCLINATION:  VERTICAL 


C86-18  (Cont  inued) 


ElEV.  0#»mit.OCfCORqRQ£>|  K 
2607  5  22*.  1)  '*C 


i&Haa 


gn  gnew,  greyed-  to  pmkteh  *or>mg  to  grey«h- 
or  block:  speckled  to  porpnjyotolastK:  to  dis¬ 

tinctly  bonded  with  foliation*  dipping  40-00  degree* 
gonerdly  medium  to  coaree  groined.  «m«  fin#  groined 
mofe-rich  toner.  MflMy  to  completely  »eothered  (10-67*), 
completely  to  «Hflhtly  withered  in  and  arter- 

M ting  zone*  (67-320.6'):  toft  to  very  tort  (10-07*)  and 
generally  medkim  hard  Put  ranging  from  <my  toft  to  hard 
(67-329  6);  root*  e*th  50-00  per  cont  mofic  content  ot 
160.3-100.3*.  189.3-102.6*.  218.7-225*.  and  270.7-201  **: 
minor  colcitt  at  dlecontinutty  fWingt  bef©»  01.5*;  thick 
googe-W'ed  zone*  ol  123.7*  (0.3- foot- thick.  50-degree 
dip,  0.2- foot  maximum  length  block y  collate  dost*  in  day 
gouge).  19*0'  (0-5- foot -thick.  broken  ond  pfaetie),  and 
270,  r  (0.13- foot- thick.  40- degree  dip);  vor lobiy- dipping 
dieeont/nuititt,  oimott  40  percent  (Spping  35-45  degrees. 
70  percent  *>th  thin  gouge;  earn  pie*  lob  tested  for  com¬ 
pressive  strength,  pet-ographic  anafyefs.  and  rock  quality, 
•ee  general  note  4. 


Total  core  recovery  for  interval  cored  *  93% 
Composite  ROD  «  40% 

Average  discontinuities/ft  *6.2 


NOTES: 


1  See  plate  A- 11  for  LITHOLOGIC  LEGEND  relating 
to  drill  logs 

2.  See  plate  A-12  for  GENERAL  NOTES  relating  to 
drill  logs. 

3.  High  concentrations  of  point  load  tests  ore 
generally  related  to  intervals  laboratory  tested 
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seven  oaks  dam 

DRILL  LOGS 
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^  [wee.  ho.  OACwot. — 


►afety  pays" 


H.ATS  A-*7 


VALUE  ENGINEERING  PAYS 


N  708910 
E  1748060 

INCLINATION.'  VERTICAL 


rRfi-19  (Continued) 


arv.  dptw  I  LOG  JCORI 

2965.2  Q.o|  I KQ 


gn:  yiiw;  U0tt  gray  to  dor*  gray  wrd  Woe*,  toeoiy 
O^ow  t*4‘  with  pin*  stains  from  potosetc  ofterotion; 
mMdn  to  fottotoO  ond  occoetemdly  mottled.  Mtotlon 
poor  to  no*  developed  and  doping  65-60  degrees; 
flrv#  to  medium  groin  wd  crystals  w«h  coon*  gained 
orthcidoss  feMepors  below  189‘;  mafte-rte*  (20-50 
percent  or  greater)  from  9.0-102';  gsneroly  moderotely 
to  highly  weathered  <md  medtem  h wd.  completely 
weathered  and  eo*t  from  35- *2*.  75-75'.  or»d 
1)5-117*;  variably-  dtoptog  (25-75  do  grow)  diecontb>- 
uttlee.  approidmatsly  40  percent  with  sicken  sides  or 
thin  gouge;  higMy  to  completely  weathered  and  soft  to 
«pry  soft  wiiform  uitramohe  zone  from  79-95’;  90090 
zones  at  82.6'  (O.l-foot-th le*>.  H9'  (0.4- foot- thk* 
with  chlorite  altorofoo).  and  94  (0.9-foot- thick); 
samples  lab  too  tod  ter  oompn— tee  strength.  petro- 
^ophle  analysis,  and  roe*  quality  too  gsnsral  noto  4 


arv.  OPTW|Locco«qftQD/  *  t  ui 

2761.3  203.9^  [rEcITUJ  Ji  1 


Totol  core  recovery  for  interval  cored 
Composite  ROD  *  24% 

Average  discontinuities/ft  *  5  9 


C86-2Q 

N  708795 
E  1746635 

INCLINATION:  VERTICAL 


OfV.  OP  Tb  |  cog  ico*q  «too  | 
2780.0  0.0 1  IrecJ  *  r 


go;  gnsist;  poytsh- white  to  greyish-  or  greenish- blocl 
speckled  to  distinctly  bonded  (generally  slightly  foliated 
texture  voryteg  from  moselvo  to  highly  foliated,  with  fol 
otlon  dipping  40-90  degrees);  medium  grained;  general 
moderately  weathered,  ranging  locWly  to  completely  or 
slightly  weathered;  generally  medium  hard  (9  5- 72  J,  ha 
(72-1 45‘).  wrd  vwfobly  medium  hard  to  very  soft  (145- 
210.)’);  gwierolly  ellghlly  foliated  texture  varying  from 
maestve  to  htgNy  foliated,  with  foliollon  dipping  from 
40-90  degrees;  30-40  percent  chlorftlred  maffee.  shea 
and  heated  with  'ptoetic  gouge  (165.1  -182.2').  70-deg 
dip  at  tower  contact  with  showed  gneiss,  relatively  high 
800  from  170.2-181.1’  due  to  cohesive  nature  of  goug. 
gouge  zones  also  at  80.5-82.9'  (medium  hard  gouge  0 
breccia)  and  109.7’  (01 -foot -thick,  dipping  50  deyee« 
trace  of  pyrfte  ot  205.9’;  variably-dipping  discontlnaitie 
mostly  dlppfaq  45-65  dogfeet.  70  percent  with  at  leas 
gouge;  sample*  lab  teeted  for  petrographic  analysis  on. 
rock  guallty.  see  general  note  4. 


59  5  : 

-  5  168 


AFETY  PAYS 


ifMMhfn’’  1"  tv  ir-;  ff^ri  -weed*1- 


VALUE  engineering  pays 

f.86-1  9  (Continued) 


C86— 20  (Continued) 


,o— *100*  Totol  core  recovery  for  rntervol  cored  -  75% 

\  Composite  RQO  -  24% 

►  Average  discontinuities/ft  *  5.9 


C86-20 

N  708795 
£  1746635 

INCLINATION:  VERTICAL 


SCORflAQO 


pH  P* 


gn:  gneite;  greyieh- white  to  greyieh-  or  green  tm-Wocfc; 
■peck led  to  distinctly  bonded  (generally  slightly  foliated 
t  ex  tun*  varying  from  maeetve  to  highly  taHqted,  with  foli¬ 
ation  dipping  40-00  degreee);  m«dum  grained;  generally 
moderately  weothered,  ranging  locally  to  completely  or 
•lightly  weathered:  generally  medium  h<rd  (1.5-72),  hard 
(72-143').  and  variably  medium  h<rd  to  very  eoft  (143- 
210.1*);  generally  slightly  foliated  texture  varjrfng  from 
maeelve  to  highly  foliated,  with  foliation  topping  from 
40-90  degree#:  30-40  percent  chk>rrtlied  malice,  sheared 
and  healed  with  ‘ptoetic  gouge  (165.1-182.2').  70-degree 
dip  at  lower  contoct  with  moored  gnelee.  relatively  high 
RQO  from  170.2-181  1'  due  to  eaheetve  nature  of  gouge; 
gouge  zones  ole©  ot  80.5-82.0'  (medium  hard  gouge  and 
breccia)  and  109.7*  (0.1- foot- thick,  dfopfrig  30  degroee); 
troce  of  pyrlte  ot  205.0';  variably-dipping  discontinuities, 
moelly  dlpprig  43-85  degroee,  70  percent  with  at  least  thin 
gouge;  samplee  lob  teeted  tar  petrographic  onaiyeis  and 
rock  quality,  see  general  note  4- 


Safety  pays 


Average  discontinuities/ft  *  7.1 


95% 


NOTES: 


1.  See  plote  A— 11  for  LITHOLOGIC  LEGEND  relating 

to  drill  logs. 

2.  See  plote  A- 12  for  GENERAL  NOTES  reloting  to 
drill  logs. 


3. 


High  concentrations  of  point  load  tests  are 
generally  related  to  intervals  laboratory  tested 
for  rock  quality. 


SEVEN  OAKS  DAM 


DRILL  LOGS 
SPILLWAY 


WK.N0.  MCWOf- _ 4 _ 

9*t 

IWKTWNO. 

or 

4 

■2S2 

KKTt  »-» 


■•vk-  1 


NO  PERMEABILITY  DATA 


C86-21 

N  708620 
E  1746750 

INCLINATION:  VERTICAL 


OCSCWPTXJN 


gn:  gnats*.  brown,  light  gray  to  dark  gray,  and  Block:  ma»- 
tiva,  mottlod  to  wad-  foliated  with  folkjtton*  dipping  25- 
30  degree*  and  50-00  dagraas:  vary  fata  to  medium  groin  ad. 
smdl  duet  or  of  pyrtta  iryataU  from  94. 5-101.5*;  mafic 
contort  ranging  from  5-50  par  can  (  and  groator,  mafic-rich 
(35-53  poreont)  zooaa  common;  Nightly  to  highly  waotharad 
and  aoft  to  moderately  hard,  discontinuities  dip  predomin- 
ontly  30-00  dagraas.  02  par  can  (  with  Nickanstdaa  or  gouge; 
guortzofaidapathk  dike  (0.1- fool- wida,  dipping  00  dagraas) 
at  05’ ;  cdcito-fiBod  fractures  at  09.5'.  91. 5*.  and  1 10*; 
samoias  lab  tasted  for  compressive  strength,  petrographic 
anoiyais.  and  rock  quality:  sea  general  note  4. 
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Total  core  recovery  for  interval  cored  *=  96% 
Composite  RQO  =»  40% 

Average  discontinuities/ft  *  5  8 
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C86-22 

N  709600 
£  1746640 

INCLINATION:  VERTICAL 


AUXILIARY  SPILLWAY 
C84-Q9 

N  709110 
E  1743970 

INCLINATION:  VERTICAL 


NOTES: 


See  plate  A- 11  for  LITHOLOGIC  LEGEND  relating 
t  D  drill  logs. 

See  plate  A-12  for  GENERAL  NOTES  relating  to 
drill  logs 

High  concentrations  of  point  load  tests  are 
generally  related  to  intervals  laboratory  tested 
for  rock  quality. 
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FIFV.  DEPTH 
2054  0 
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(STREAMBOTTOM) 


BJDl  DEPTH 
2072  0 


C84-05 

(STREAMBOTTOk 


_ _ _ _r —  Top  of  Rock _ 

^  ,  1  K_ 

9  35 _  122 _  _ 4.5 
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ElEV.  DEPTH 
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C84-Q5 

.  esau  (STREAM80TT0M) 


C84-06 

IK.  DEPTH  (LEFT  ABUTMENT) 


C84-07 

LK.  DEPTH  (RIGHT  ABUTMENT) 


Frequency  Index  Index 


EXPLANATION 


ROD 


Discontinuity 

Frequency 


Strength 

Index 


The  totol  length  of  intact  core  pieces  greater  than 
4  Inches  In  length  divided  by  the  length  of  each 
core  run.  The  RQO  (Rock  Quality  Designation)  is 
expressed  as  a  percentage. 

The  number  of  incipient  or  broken  discontinuities 
(fractures.  Joints,  shears,  etc.)  per  foot  of 
recovered  core.  A  value  of  10.00  is  arbitrarily 
considered  to  be  the  maximum. 

The  results  of  point  load  tests  with  size  corrected 
to  represent  50mm  core.  As  o  rough  approximation, 
the  unconfined  compressive  strength  is  about  20 
times  greater  than  the  point  lood  strength  index. 
Results  are  expressed  in  psi.  Strength  index  values 
over  500  psi  (very  hard  rock)  are  plotted  os  500. 


Weathering  An  arbitrary  numerical  scale  of  core  sompie  weathering 
index  based  upon  Reid  inspection  using  Bieniowski*s  (1979) 

classification  method. 

YAma  Btoattudaa  flustiBliBa 

0  Un  weathered 

1  Unweathered  to  Slightly  Weathered 

2  Sightly  Weathered 

3  Slightly  to  Moderately  Weathered 

4  Moderately  Weathered  or  Slightly 
to  Highly  Weathered 

5  Moderately  to  Highly  Weathered 

6  Highly  Weathered  or  Moderately 
to  Completely  Weathered 

7  Highly  to  Completely  Weathered 

ft  Completely  Weathered 


GENERAL  NOTES 

1.  See  plate  A-9  for  locations  of  drill  holes. 

2.  See  plates  A-42  thru  A-46  for  geologic  cross  sections 
showing  depth  to  improved  quality  rock  (thickness  of 
the  surfictal  tone  of  poorer  rock  quality)  and  deeper 
intervals  of  poorer  rock  quality. 

3.  The  vertical  dashed  line  through  each  graph  is  the 
graphical  representation  of  the  average  value  of  that 
parameter  for  that  particular  core  hole.  The  numer¬ 
ical  overage  is  shown  at  the  bottom  of  the  line.  Graph 
deflections  to  the  left  Indicate  poorer  than  average 
values.  Generally,  where  all  graphed  parameters  de¬ 
flect  to  the  left,  the  Interval  is  identified  os  a  zone 

of  poorer  rock  quality  relative  to  the  overall  rock 
quolity  In  thot  particular  core  hole. 

4.  The  upper  horizontal  dashed  line  Indicates  the  depth 
extent  of  the  surficicd  zone  of  poorer  rock  quolity  relative 
to  the  overall  rock  quality  in  thot  particular  core  hole. 
Determination  is  based  subjectively  and  qualitatively 
WAiere  no  line  Is  shown,  rock  quality  differential  wos 
determined  to  be  Insignificant  or  questionable.  Deeper 
zones  of  poorer  rock  quality  ore  also  identified  by  dashed 
horizontal  lines. 

5.  See  plates  A- It  thru  A-29  for  logs  of  drill  holes. 

6.  See  section  5  of  this  appendix  under  CORE  DRILLING  for  o 
discussion  of  how  the  rock  quolity  parameters  were 
calculated  and  for  a  description  of  the  weathering 
classifications. 
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VALUE  ENGINEERING  PAYS 


C86-Q4 

X  Dtm  (LEFT  ABUTMENT) 


EXPLANATION 


ROD 


Discontinuity 

Frequency 


Strength 

Index 


Tho  total  length  of  intoct  core  piece*  greater  than 
4  inch**  in  length  divided  by  the  length  of  each 
coro  run.  The  ROD  (Rock  Ouoilty  Designation)  is 
expressed  at  o  percentage. 

The  number  of  incipient  or  broken  discontinuities 
(frocturee,  joint*,  oh  son,  etc.)  per  foot  of 
recovered  core.  A  value  of  10.00  is  orbltrorily 
considered  to  be  the  maximum. 

The  results  of  point  load  tests  with  sits  corrected 
to  represent  90mm  core.  A*  a  rough  approximation, 
the  uneonfined  compressive  strength  Is  about  20 
times  greoter  then  the  point  load  strength  Index. 
Results  are  expressed  In  pel.  Strength  index  value* 
over  500  psi  (very  hard  rock)  are  plotted  a*  500. 


Weathering 

Index 


An  arbitrary  numerical  scale  of  core  sample  weathering 
bated  upon  field  Inspection  using  Bieniowekt's  (1979) 
classification  method. 
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Unweothered 

Unweathered  to  Slightly  Weothersd 
Slightly  Weathered 
Sightly  to  Moderately  Weathered 
Moderately  Weathered  or  Sightly 
to  Highly  Weatharad 
Moderately  to  Highly  Weathered 
Highly  Weathered  or  Moderately 
to  Completely  Weather«d 
Highly  to  Completely  Weathered 
Completely  Weathered 


CM-Q5 

USX  OEM  (STREAMBOTTOM) 


ELtt.  BEEW  (OUTLET  WORKS.  INLET  PORTAL) 


NOTE: 

See  plate  A -30  far  general  notes. 
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Frequency  Index  Index 


C86-15 
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Discontinuity 

Frequency 


Strength 

Index 


Weathering 

Index 


EXPLANATION 

The  total  length  of  intoct  core  pieces  greater  than 
4  inches  In  length  divided  by  the  length  of  eoch 
core  run.  The  RQO  (Rock  Quality  Designation)  Is 
expressed  oe  o  percentage. 

The  number  of  incipient  or  broken  discontinuities 
(fractures,  joints,  shears,  etc.)  per  foot  of 
recovered  core.  A  value  of  10.00  is  arbitrarily 
considered  to  be  the  maximum. 

The  results  of  point  load  tests  with  size  corrected 
to  represent  50mm  core.  As  a  rough  approximation, 
the  uncon  Fined  compressive  strength  is  about  20 
times  greoter  than  the  point  load  strength  index. 
Results  are  expressed  In  psi.  Strength  index  volues 
over  500  psi  (very  hard  rock)  ore  plotted  as  500. 

An  orbitrory  numerical  scale  of  core  sample  weathering 
based  upon  Field  inspection  using  Bieniawski's  (1979) 
classification  method. 
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Weathering  Description 

Un  weathered 

Unweathered  to  Slightly  Weathered 
Slightly  Weolhered 
Slightly  to  Moderately  Weathered 
Moderately  Weathered  or  Slightly 
to  Highly  Weathered 
Moderately  to  Highly  Weathered 
Highly  Weathered  or  Moderately 
to  Completely  Weathered 
Highly  to  Completely  Weathered 
Completely  Weathered 


NOTE: 

See  plots  A— 30  for  general  notes. 
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EXPLANATION 


ROD 


Discontinuity 

Frequency 


Th*  total  length  of  intoct  cars  pieces  grootsr  than 
4  inches  in  length  divided  by  the  length  of  each 
core  run.  The  ROD  (Rock  Quality  Designation)  is 
expressed  os  o  percentage. 

Tbs  number  of  incipient  or  broken  discontinuities 
(fractures,  joints,  shears,  etc.)  per  foot  of 
recovered  core.  A  value  of  10.00  is  arbitrarily 
considered  to  be  the  maximum. 


Strength  The  results  of  point  lood  tests  with  size  corrected 

Index  to  represent  50mm  core.  As  a  rough  approximation. 

the  unconfined  compressive  strength  is  about  20 
times  greater  than  the  point  load  strength  index. 
Results  are  expressed  In  psi.  Strength  index  values 
over  500  psi  (very  hard  rock)  are  plotted  os  500. 


Weathering 

Index 


An  arbitrary  numoricd  scale  of  core  sample  weathering 
bosed  upon  field  inspection  using  Bleniawski's  (1979) 
classification  method. 


YaU*  HfflthfiTjng  fliigteltep 
0  Unweathered 

1  Un weathered  to  Slightly  Weathered 

2  Slightly  Weathered 

3  Slightly  to  Moderately  Weathered 

4  Moderately  Weathered  or  Slightly 
to  Highly  Weathered 

5  Moderately  to  Highly  Weathered 

6  Highly  Weathered  or  Moderately 
to  Completely  Weathered 

7  Highly  to  Completely  Weathered 

8  Completely  Weathered 


NOTE: 

See  plate  A- 30  for  general  notes. 
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EXPLANATION 


RQO 


Discontinuity 

Frequency 


Strength 

Index 


The  total  length  of  intoct  core  piece#  greater  than 
4  inchee  In  length  divided  by  the  length  of  each 
core  run.  The  RQO  (Rock  Quality  Designation)  It 
expreseed  at  a  percentage. 

The  number  of  incipient  or  broken  discontinuities 
(froc turns,  joints,  shears,  etc.)  per  foot  of 
recovered  core.  A  value  of  10.00  Is  arbitrarily 
considered  to  be  the  maximum. 

The  reeulte  of  point  lood  tests  with  size  corrected 
to  repreeent  50mm  core.  As  a  rough  approximation, 
the  unconfined  compressive  strength  is  about  20 
times  greoter  than  the  point  load  strength  Index. 
Results  are  expressed  in  psi.  Strength  index  values 
over  500  pel  (very  hard  rock)  are  plotted  os  500. 


Weathering 

Index 


An  arbitrary  numerical  scale  of  core  sample  weathering 
based  upon  field  inspection  using  Bleniowski's  (1979) 
classification  method. 


Value  BmUuddb  Puerto  lion 

0  Unweathered 

1  Unweothered  to  Slightly  Weothered 

2  Slightly  Weathered 

3  Slightly  to  Moderately  Weothered 

4  Moderately  Weathered  or  Slightly 
to  Highly  Weothered 

5  Moderately  to  Highly  Weothered 

6  Highly  Weothered  or  Moderately 
to  Completely  Weothered 

7  Highly  to  Completely  Weathered 

8  Completely  Weothered 
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NOTE: 

See  plate  A- 50  for  general  notes. 
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The  total  length  of  intact  core  pieces  greater  than 
♦  inches  in  length  divided  by  the  length  of  each 
core  run.  The  ROD  (Rock  Quality  Designation)  Is 
expressed  as  a  percentage. 

The  number  of  incipient  or  broken  discontinuities 
(froctures.  Joints,  shears,  etc.)  per  foot  of 
recovered  core.  A  value  of  10.00  is  cxtJltroriiy 
considered  to  be  the  maximum. 

The  resuits  of  point  lood  tests  with  size  corrected 
to  represent  50mm  core.  As  a  rough  approximation, 
the  unconfirmed  compressive  strength  is  about  20 
times  greater  than  the  point  load  strength  index. 
Results  are  expressed  In  psi.  Strength  index  volues 
over  500  psi  (very  hard  rock)  are  plotted  as  500. 

An  arbitrary  numerical  scale  of  core  sample  weathering 
bated  upon  field  inspection  using  Bleniowski's  (1979) 
dossificotion  method. 
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Unweathered  to  Slightly  Weathered 
Slightly  Weathered 
Slightly  to  Moderately  Weathered 
Moderately  Weathered  or  Slightly 
to  Highly  Weathered 
Moderately  to  Highly  Weathered 
Highly  Weathered  or  Moderately 
to  Completely  Weathered 
Highly  to  Completely  Weathered 
Completely  Weathered 
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Sen  plots  A- 30  for  general  notes. 
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(gneiss  outcrop) 


LEGEND: 

O  Shot  Point  1  (SP1 ) 

D  Shot  Point  2  (SP2) 

A  Shot  Point  3  (SP3) 

O  Shot  Point  4  (SP4) 

®  Shot  Point  5  (SP5) 
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1.  See  plate  A- 10  for  locations  of  seismic  refraction  survey 
line*. 

2.  See  attachment  A -4  for  results  of  seismic  refraction 
surveys  conducted  by  Leighton  and  Associates. 

3.  See  plotes  A- 11  to  A- 29  for  drill  logs  of  exploratory 
rotory  ond  core  holes. 

4.  See  section  7  of  this  appendix  for  a  discussion  of  the 
results  and  interpretation  of  seismic  refraction  surveys. 

5.  Interface  depths  were  calculated  using  the  critical 
distance  method. 


1.  Where  two  lines  are  plotted  together  (i.e.  84-8/9). 
separate  lines  with  different  geophone  spacing*  were 
conducted  at  the  some  location. 

2.  Seismic  refraction  lines  84-4  and  84-5  were  conducted 
adjacent  to  diorite  and  gneiss  outcrops  in  order  to 
determine  near  surfoce  bedrock  velocities. 
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LEGEND: 

O  Shot  Point  1  (SP1) 

O  Shot  Point  2  (SP2) 

A  Shot  Point  3  (SP3) 

O  Shot  Point  4  (SP4) 

®  Shot  Point  5  (SP5) 


GENERAL  NOTES: 


1.  See  plate  A-10  f or  locations  of  seismic  refraction  survey 
lines. 

2.  See  attachment  A-*  for  results  of  seismic  refraction 
surveys  conducted  by  Leighton  and  Associates. 

3.  See  plates  A- It  to  A- 29  for  drill  fogs  of  exploratory 
rotary  and  core  holes. 

A.  See  section  7  of  this  appendix  for  a  discussion  of  the 
results  and  interpretation  of  seismic  refroction  surveys. 

5.  Interface  depths  were  calculated  using  the  critical 
distance  method. 
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LEGEND: 

O  Shot  Point  1  (SP1 ) 
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GENERAL  NOTES: 


V  See  plate  A-10  for  locations  of  seismic  refraction  survey 
lines. 

2.  See  attachment  A-4  for  results  of  seismic  refraction 
surveys  conducted  by  Leighton  ond  Associates. 

3.  See  plates  A- 11  to  A- 29  for  drill  logs  of  exploratory 
rotary  and  core  holes. 

4.  See  section  7  of  this  oppendix  for  a  discussion  of  the 
results  and  interpretation  of  seismic  retraction  surveys. 

5.  Interface  depths  were  calculated  using  the  critical 
distonce  method. 


NOTE: 


Seismic  refroction  lines  86-04  and  86-06  were  conducted 
downstream  at  an  alternative  domsite.  Results  of  these 
are  not  pertinent  to  the  selected  domsite  and  are 
not  shown. 


ICVISIONS 


U.  S.  ARMY  CN0MCCR  HS1WCT 
LOS  AMWIS 
C0«n  OF  MOMCRS 

SANTA  «MA  *VCft  MAffSTEM.  CJLrSMA  ” 
"HAST  ■  OENdUt.  8C9MN  KMONMOUM 


SEVEN  OAKS  DAM 

SEISMIC  REFRACTION  SURVEYS 
TRAVELTIME  CURVES  AND  INTERPRETATIONS 


me.  wo.  OAcwot- . 
OBtMCT  Ht  no. 


UUE  ENGINEERING  PAYS 


N85£ — ► 


r* 


SP1 


87-03 


LEGEND: 

O  Shot  Point  1  (SP1) 

□  Shot  Point  2  (SP2) 

A  Shot  Point  3  (SP3) 

O  Shot  Point  4  (SP4) 

©  Shot  Point  5  (SP5) 

• 


GENERAL  NOTES: 


1.  See  plote  A- 10  for  locations  of  seismic  refraction  survey 

lines. 

2.  See  attachment  A- 4  for  results  of  seismic  refroction 
surveys  conducted  by  Leighton  ond  Associates 

3.  See  plates  A-n  to  A-29  for  drill  logs  of  exploratory 
rotory  ond  core  holes. 

4.  See  section  7  of  this  appendix  for  o  discussion  of  the 
results  and  interpretation  of  seismic  refraction  surveys. 

5.  Interfqce  depths  were  calculated  using  the  critical 
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NOTES: 


1.  See  nlates  A— 11  thru  A-29  for  Drill  Logs  of 
core  holes. 

2.  See  plates  A- 30  thru  A- 35  for  Pock  Ouolity 
Parameter  Comparisons. 

3.  See  plates  A-43  and  A-44  for  geologic  sections 
A  thru  0. 

4.  See  plote  A- 103  for  Abutment  Excavation  sections 
£  and  P. 
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NOTES: 

1.  See  plote  A-A2  for  location  of  section  lines  and  legend. 

2.  See  plate  A-9  for  locations  of  exploratory  holes. 

3.  See  plote »  A-tl  thru  A-17  for  drill  logs  of  core  and 

rotary  holes. 

A.  See  plates  A- 30  thru  A- 35  for  Rock  Quality  Parameter 
Comparisons. 
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NOTES: 

1.  Sen  plate  A- 42  tor  location  of  section  lines  and  legend. 

2.  See  plote  A- 9  for  locations  of  exploratory  holes. 

3.  See  plates  A-11  thru  A-17  for  drill  logs  of  core  and 

rotary  holes. 

♦.  See  plates  A- 30  thru  A- 35  for  Rock  Quality  Parameter 
Comparisons. 
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t.  See  plates  A- 24  and  A- 25  for  Drill  Logs  of  core  holes. 

2.  See  plote  A-40  for  Downhole  Seismic  Graphs. 

3.  See  plote  A-32  and  plote  A-34  for  Rock  Quality 
Parameter  Comparisons. 
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1.  Structural  feature.  shoxm  are  conceptual  for 
downstream  control  as  presented  by  Portland 
District  In  Appendix  B.  They  are  mtented  toshow 
the  general  relationship  of  the  geologic  conditions 
to  the  outlet  work*.  This  in  no  way  "’P'"* 
occeptonce  of  downstream  control  os  the  most 
favorable 

2.  See  plate  A-9  for  Locations  of  Exploratory  Holes. 

3.  See  plate.  A- 21  and  A- 22  for  Drill  Log.  of  Outlet 
Works  exploratory  holes. 
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1.  See  plate  A-6  for  legend  and  description  of  geologic 
units. 

2.  See  section  5  of  this  appendix  for  discussion  of  fault 
investigations. 

3.  TB7-3.  T87-4  and  T87-5  were  soil  pits  used  to  collect 
samples  for  soil  chronology  studies  and  logs  ore  not 
shown. 

*■  TB7-T  and  T87-2  were  excavated  with  o  D-B  dozer. 

5.  Oibbfee  (1964)  equates  the  North  Branch  Son  Andreos 
fault  with  Allen's  (1937)  Mill  Creek  fault. 
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NOTES: 

1.  See  plot#  A— 48  for  location  of  trenches. 

2.  See  plate  A-6  for  legend  end  description  of  geologic 
units. 

3.  See  section  5  of  this  appendix  for  description  of  fault 
investigation*. 

4.  T87-6  and  T87-7  were  excavated  with  a  D-B  dozer. 
Additional  excavation  in  the  bottom  of  T07-7  was  done 
with  a  bockhoe 

5.  Dibbles  (1964)  equates  the  North  Branch  Son  Andreas 
fault  with  Allen's  (1957)  Mill  Creek  fault. 
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PELL  GltJCED  SMO  WITH  SILT  MO  GOMEL, 
brown, dry.gr  era  1  ond  decomposed  diorito 
f  ragman tt  to  P*. 
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19  3' 
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23.0 
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1 
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E 

POOPLY  6*4*0  SMO  WITH  SILT  MO  GOMEL. 

■ 

1 

1 

B 

B 

i 

brown, dry, decomposed  dion  («  frogman  ft  to 
4m  .bucket  brooking  up  rock. 

30  0 

9VQh 
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B 

B 
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PfU.  (SHADED  SMO  WITH  SILT  MO  GOMEL 
brawn, tl Igkt ly  domg.ro ck  fragmantate  4" 

33.0 
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G 

G 
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E 
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43.0 
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rock  frogman  tt  to  5*- 
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■  1 

HI 
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310' 
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B 

E 

E 

\oek  frogmonit  to  4", hard  drilling. 

P006LY  SPACED  SMO  WITH  SILT  MO  GOMEL, 
gray -brown. dry.  rock  frogman t*  to  4". 
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B 

rock  frogmontt  to  6m.hord  drilling. 
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63.0' 
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1 

B 

B 

want. rack  f  ragman  tt  to  6". 
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SILTY  SMO  WITH  GOAVEL.  gray -brown,  dry. 
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\groy -brawn,  dry. 

SILTY  SMO  WITH  SWIVEL,  gray -brawn,  dry . 

10%  rack  f  ragman  tt  to  f . 
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76  3" 
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fl 
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WELL  SPADED  SMO  WITH  SILT  MO  GOMEL, 
groy-bramn  flight ly  damp,  rack  t  ragman  it 
to  AT  . 
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tatiar  drilling. 
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POOOLY  SPADED  SMO  WITH  SILT  MO  G PAVEL  ; 
gray -brawn,  alight  ly  damp,  rack  f  ragman  tt 
ta  «•. 

633" 
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■ 
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□ 

66.3' 
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fEU  G*«*0  S4N>  WITH  SILT  AHO  GOMEL, 
gray;  brawn,  t  lightly  damp,  rack  f  ragman  ft 

ta  r. 
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SILTY  540  WITH  GPAVEL  ,  gray  -brawn,  alight  ly 

90  o\ 

jgi 

■! 

0! 

□I 

□1 

W— '  i  Wf,  nogrograia . 


DEPTH  LOO  MC  LL  PI  -4  -200 _ DESCRIPTION 
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12.0' 

1 

1 

1 
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PCLL  SPADED  SMD  WITH  SILT,  brawn, 
dry, medium  danta.brakan  dionte 
fragmanta  ta  I2a 
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1 
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B 

B 

B 

20  0' 
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1 

B 

B 

B 

SILTY  SAHO  WITH  GPAVEL .  brawn. dry. 

wadi  urn  danta . 

B 

1 

B 

B 

B 

SILTY  SMD.  brawn,  dry  .herd  drilling 

29.0' 

1 

1 

1 

POORLY  SPADED  SAW  WITH  SILT  MO  GR4PEL. 
brawn,  dry.  danta.  rack  fragments  to  4" 

1 

1 

fl 

groral  ta  tm .bard  drilling. 

32  0' 

B 

B 

B 

B 

D 

SILTY  SMD  WITH  GOMEL,  brawn. dry.  rock 
fragmanta  ta  tm .hard  drilling. 

36.0" 

NP 

1 1 

VELL  GOADED  SAW  WITH  SILT  MO  GPAVEL. 
gray  -brawn,  dry.  danta.  dr i  lling  an  larga 
rock*  . 

±LSi 

SM 

1 

B 

1 

SILTY  S4N0  PITH  GIMPEL.  gray -brawn,  brake* 

rack  fragmanta  to  t* .hard  dri  1 1  mg 

1 

1 

D 

6 

B 

rary  herd  dr 1 1 1  mg.  reck  fragmanta  to  4m 

a 

E 

B 

D 

drilling  mere  difficult.utad  new  teath 

nnd  gad. rary  little  aragrata.petaibly 

an  bedrock . 
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DEPTH  LOO  MC  LL  PI  -4  -200 _ DESCRIPTION _ DEPTH  LOO  MC  LL  Pi  -4  2Q( 
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19  0’ 
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n 

■ 

D 

D 

D 

SILTY  SMO  WITH  GPAVEL.  brown,  be  rely 
damp,  root  a, groral  to  PV 

SWflk 

B 

B 

B 

B 

7 

a 

D 

D 

4rjr.5\  brokoo  rock  fragments  to  6* 

D 

B 

B 

B 

13 

i 

! 

NP 

0 

24 

IDt  rock  i ragman  it  to  tm .  1-12 “  rock  SO 

mu  do  of  ho  1  o  ot  7' .  7  0 

rz 

i 

103 

ta 
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yol lew-brown,  few  recks  to  6* 

_  10.0' 
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■ 

a 

a 

D 

occoi i ana  1  reck  fragmanta  ta  4" 

1 

1 

Bl 

03 

El 

12 

0 

■ 

B 

B 

B 

SILTY  S4I0,  y*  1  am  -brawn,  dry ,  4“  max 
recks. 
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SILTY  SMD  WITH  GPAVEL.  yal  lew-brown, 
dry.  rock  fragmanta  ta  4". 
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31  O' 

■ 

■ 
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Eli 
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•Ell  6*4*0  SMO  WITH  SILT  MO  GOMEL. 

yal law -brawn, dry. rack  fragmanta  to  Em 

1 

1 

B 

B 

fl 

33.Cf 

a 

■ 

a 

□ 

□ 

33  0 " 

■ 

■ 

B 

□ 

□ 

WELL  SPACED  SMO  WITH  SILT  MO  GPMEL. 

L  yal  law-brawn,  dry.  large  reck  fall  in  hoi*. 

L  f*' iew-orown . ary. 
\atopgod  dr  i  IHn§. 
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COMPACTION  TEST  DATA 


COMPACTION  TEST  DATA 
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1  REFER  TO  PLATE  A-9  FOR  LOCATION  OF  TEST  HOLES  LAMI6  1  THRO  LAHS6-5. 

2  REFER  TO  PLATE  A  53  FOR  THE  SOIL  LOOS  OF  TEST  MOLES  LAH®«  1  THRU  LAH88-5 

3  TEST  METHOD  ASTM  0  69#-7B<METHOD  OSD)  WAS  FOLLOWED  WITH  THE  EXCEPTION  THAT  A 
MECHANICAL  RAMMER  HAVING  A  CIRCULAR  CONTACT  FACE  TWO  INCHES  IN  OIAMETER  WAS  USEO 
WITH  THE  SIX  INCH  DIAMETER  COMPACTION  MOLO 


LOS  ANGUS 
CORPS  OF  IIICI— f 


SANTA  ANA  RIVER  MAINSTEM,  CALIFORNIA 
PHASE  H  GENERAL  DESIGN  MEMORANDUM 


SEVEN  OAKS  DAM 

LEFT  ABUTMENT 
RESULTS  OF  LABORATORY  TESTS 


iECTION  A-A 
TYPICAL  EXCAVATION  CONFIGURATION 


SAFCTY 


ALU!  ENGINEERING  PAYS 
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!M  18B7 
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W.y, 

-A*: 


'S 


_  i'-' • : -C^T? ^v’T '  ' '  "’^r  ~  A  ~  " 

: , \  -^v:'  . -r'i 

.  \  I  "'V-VA^A:.^.  v~  -•  J*f 


I.  TEST  PIT  LOCATIONS  SHOWN  APE  APPROXIMATE 
2  TEST  PITS  WERE  EXCAVATED  WITH  A  CAT  255  BACK  HOE  WITH 
A  4-ET  wot  BUCKET  IN  OCTOBER  l»BG 
5  SEE  PLATE  A-S*  POP  SOIL  LOOS 

4.  SEE  PLATES  A-57  TMPU  A-5»  FOP  LABORATORY  TEST  RESULTS 

5.  PREFERRED  AREA  SHOWN  CONTAINS  ENOUGH  MATERIAL  TO  CONSTRUCT 
ZONES  2,  3  ANO  5  IN  THE  PROPOSED  EMBANKMENT  IT  EXCAVWTED  TO 
AN  AVERAGE  DEPTH  OF  40  FT  AS  SHOWN  IN  SECTION  A~A 

A  SEE  PLATE  A- 101  FOP  CONSTRUCTION  SEQUENCING  AND  PERCOLATION 
BASIN  RECONSTRUCTION  DETAILS 


SC  ALE:  I  IN*  400  FT 


afuty  pays 


LOS  ANOftCS 
OCX  PS  OF  «*34<W» 


SANTA  ANA  RIVER  CALIFORNIA 
PHASE  B  GENERAL  DESIGN  MEMORANDUM 


SEVEN  OAKS  DAM 

DOWNSTREAM  PERVIOUS  BORROW  AREA 
PLAN  OF  EXPLORATION 


WONMCNTAL 
IANCEMCNT 
10  CNOlMCCfliMO 


VAinc  ENGINEER 


TEST  PIT  86-1 


TEST  PIT  86-2 


VISUAL  LOG 


GRAVELLY  SANO  49%  coM4*  and  bouMan  up  to  2 H  rocks  larger  than  l‘  minimum 
diomotsr  wort  excavated  from  pit,  rocks  ora  mtortocksd  and  hod  to  bo  pried  out  by  bockhoo, 
moist  below  8 t  depth. 


GRAVELLY  SAND  59%  —  ' 

diamotor  wort  txcavatsd  from  pit* 
•outh  wail,  moist  botm  12'  dop*h 


and  bouMsrt  up  *o  4t5 
largo  rocks  oro  mtorta 


*  shown  baton  excavated  from  fuk  dopth  of  wool  wo#  of 


38,837  ip  tamp**  for  n 
tost  pit. 
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MASS  GRADATION 


MASS  GRADATION 


TEST  PIT  86-4 


TEST  PIT  86-5 


VISUAL  LOG 


GRAVELLY  SANO  57%  cobbles  and  boulders  up  to  3m<x6\  16  rocks  largor  than  f  in 
dfomofor  worn  excavated  from  pH,  largo  rocks  m  for  locked  wrf h  somo  brokon  <4>  by  bockhoo 
during  excavation,  moist  ontiro  dopth 


GRAVELLY  SAND:  55%  cobblos  and  bouldors  up  to  3 
diomottr  work  oxcavatod  from  pH,  toms  open-graded  gi 
moist  ontiro  dopth 


37,908  lb.  01 
of  foot  pit. 


1  shown  botow  oxcavatod  from  full  dopth  of  woot  woll  of 


23,656  lb  sample  for  moot  grodotlon  shown  bolow  oxci 
of  tost  pit. 
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MASS  GRADATION 


MASS  GRADATK 


AFETY j 


LUE  ENGINEERING  PAYS 


TEST  PIT  86-2 


VISUAL  LOG 


SANO  59%  cotftM  and  botddofi  “0  *>  TjS'nT,  32  reck*  kv( 
oncnohd  ham  pit,  mrgn  rocltt  Oft  Ptartoctod,  M  Mad  I 


TEST  PIT  66-3 


_ _  VISUAL  LOG 


GRAVELLY  SAW:  S«%  cobbton  ant  boutdor.  up  to  StSA’iAi,  t*  roctu  prior  ttron  T  « 


•ampin  hr  man  podatmi  rhowrt  botoa  dnooMtod  fro at  Ml  dopfti  of  wot  wtOI  of 


AG,T*2  fc  oarnpto  tor  mono  gradation  shown  botow  oncavatod  from  full  dopth  of  north  watt  of 
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MASS  GRADATION 


TEST  PIT  86-5 


%  rock*  larger  the 
nr»  vi*ibl*  m  pit  , 


{LY  SAND  55%  cobbl**  and  boulder*  up  to  3'i<*6\  t4  rock*  iorgar  tNm  w 
wr$  txcavottd  front  f»t,  tom*  op*n-grod*d  grQv«l  koy*rs  vi«tb<*  in  p«f  wotl«, 
tir*  d*pth 


1  TEST  P»TS  WERE  EXCAVATED  WITH  A  CAT  21s  SACK  HOE  WITH  A  4-i 

2  SEE  PLATE  A- 55  FOR  LOCATION  OF  TEST  PITS 

5  SEE  PLATES  A-57  AND  A-59  FOR  L  ANON  ATONY  TEST  RESULTS 


i  BUCKET  IN  OCTOBER  t*S6 


t  for  m«*t  gradation  t 


t  btlow  **covo1*d  from  full  d*pth  of  nortk  i 
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PERCENT  FINER  BY  WEIGHT  PERCENT  FINER  BY  WEIGHT  PERCENT  F**R  BY  WEIGHT 


VALUE  ENGINEER 


»  * 
«  & 


I 

“  | 


GRAM  SIZE  H  HLLMETERS 
MASS  GRADATION 


TPB6-1 


GRAM  SIZE  IN  MLUMETERS 

TP88-4 


-12  INCH  GRADATION 

BLEND  OF  TEST  PfTS  TP86-1  TO  TP8' 


TEST  PITS  TP86-1  TO  TP86-5 


TP86-5 


Safety  I 


PA  T 


ER8 

100  200 


y  A  L  iif  ENGINEERING  PAYS 


STONE  SIZE  N  INCHES 

SO  40  30  20  10  •  3  M/2  1  3/4  V9 


U.S.  STANDARD  SCVE  NUMBERS 

M  30  SO  100  200 


2015  H> 

GRAIN  SIZE  IN  MU L METERS 


-12  NCH  GRADATION 

t)F  TEST  PITS  TP86-1  TO  TP86-5 


IERS 

100  200 


BERS 

100  200 


100  SO  20  IS  M) 

ORAM  SIZE  M  MLLMETERS 

-6  NCH  GRADATION 


fi  INCHES 

M/2  1  3/4  1/8 


U.S.  STANDARD  SEVE  NUMBERS 

B  16  30  SO  K»  200 


STONE  SIZE  IN  INCHES 

50  40  30  20  10  0  3  1-1/2  1  3/4  3/8 


U.S.  STANOARO  SCVE  NUMBERS 

8  16  30  50  100  200 


m 


m 


n 


I 


3 


3 


•0  20  IS  10  5  1 

GRAIN  SIZE  IN  M8.UMETERS 

TP86-2 

[ST  PITS  TP86-1  TO  TP86-5 


TO  x 


100  50  20  »5  »0  5 

GRAIN  SIZE  IN  MALIMETERS 

TP86-3 


U.S  STANDARD  SEVE  NUMBERS 
8  16  30  50  100 


NOTES: 

|  .  REFER  TO  PLATE  A  56  FOR  SOIL  LOGS 
2  REFER  TO  PLATE  A  55  FOR  LOCATION  OF 
TERT  PITS  TPM-1  THRU  TPM-S 


LEGEND 

A  UPPER  LMTT 
O  KEAN 
O  LOWER  LMT 


LEGEND 

MASS  GRADATION 
1  f  GRADATION 
-O'GRAOATION 
■3  GRADATION 


30  15  10 
GRAIN  SIZE  N  MIX  METERS 

TP86-5 


"Safety  pays 
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REVISIONS  1 

U.  S.  ARMY  ENQMHR  0N1WCT 

IOS  ANGCUS 

CD®  PS  OF  (NCMNtt 

SANTA  ANA  RIVER  MAINSTEM,  CAUPORNIA 
PHASE  II  OENEML  DESIGN  BCMORANOUM 

SEVEN  OAKS  DAM 

DOWNSTREAM  PERVIOUS  BORROW  AREA 
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NQTES: 

1  SAMPLES  WITH  A  MAXIMUM  PARTICLE  8IZE  OF  3  INCHES  WERE  TESTED  USING  ASTM  METHOD  D  4253-83 

2  SAMPLES  WITH  A  MAXIMUM  PARTICLE  SIZE  Of  8  INCHES  WERE  TESTEO  IN  A  27-WCM  DIAMETER  VIBRATORY 
MOLD  M  ACCORDANCE  WITH  CALffORNtA  STATE  DEPARTMENT  OF  WATER  RESOURCES  LARGE  SCALE. 
VMRATORY  MAXIMUM  DENSITY  TEST  MET  MOO 

3.  SAMPLES  WITH  A  MAXRfUM  PARTICLE  SIZE  OF  S  INCHES  WERE  TESTED  IN  A  27 -INCH  DIAMETER  VIBRATORY 
MOLO  m  ACCORDANCE  WITH  CALFORMA  8TATE  DEPARTMENT  OF  WATER  RESOURCES  LARGE  SCALE. 
VSRATORY  MAXMUM  DENWTV  TEST  METHOD 

4  SAMPLES  WITH  A  MAXIMUM  PARTICLE  SIZE  OF  3  INCHES  WERE  TESTEO  USING  ASTM  METHOD  0  4283-83  AT 
THE  SOUTH  PACriC  0IVI8ION  LABORATORY. 

5  REFER  TO  PLATE  A-SS  FOR  SOR  LOGS  ANO  MASS  GRADATIONS  OF  TPSS-1  THRU  TP86-5. 

6  REFER  TO  PLATE  A-S7  FOR  APPROXIMATE  GRADATIONS  OF  THE  TESTED  SAMPLES 
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PHASE  II  GENERAL  DESIGN  MEMORANDUM 

SEVEN  OAKS  DAM 

DOWNSTREAM  PERVIOUS  BORROW  AREA 
MAXMUM  DENSITY  TESTS 
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1= -  ■  -J 

PLATE  A-S8 


THRU  CMGIHCCRIMG 


VALUE  ENGINEER!] 


LUE  ENGINEERING  PAYS 


1  REFER  TO  PLATE  A-SS  FOR  LOCATION  OF  TEST  PITS 

2  REFER  TO  PLATE  A-56  FOR  SOS-  LOOS  ANO  GRADATIONS 

3  REFER  TO  PLATE  AS*  FOR  MOISTURE  -DENSITY  RELATIONSHIPS 


afety  pays 


PLATE  A  S* 


ENVMONMENUl 
ENHANCEMENT 
THRU  ENGINEERING 


NOTES 

L  TEST  HOLE  A  NO  TEST  TRENCH  LOCATIONS  SHOWN  ARE  APPROXIMATE 

2.  TEST  HOLES  THOO-l  THROUGH  THR5-I4  WERE  DRILLED  WITH  A  24*  SOCKET  AUGER  M 
JUNE  HIS 

3  TEST  TRENCHES  TTB3-I  THROUGH  TT  83-14  WERE  EXCAVATED  WITH  A  BACKMOE  IN 
JUNE  IMS- 

4  TEST  HOLES  CBHBB-I  THROUGH  C6M0S-M  WERE  DRILLED  WITH  A  24*  BUCKET  AUGER 
M  DECEMBER  IMS 

V  TEST  TRENCHES  CBT  M-l  THROUGH  CRT  BS-S4  WERE  EXCAVATED  WITH  A  BACKHOE  IN 
OCCCRBCR  IBRC. 

6.  SEE  PLATES  A- 82  THROUGH  A- 7  3  FOR  SOS.  LOGS. 

7  see  plates  a-ta  through  a-t»  for  laroratory  test  results. 

•  PREPERREO  AREA  SHOWN  CONTAINS  APPROXIMATELY  TWICE  THE  AMOUNT  OF  MATERIAL 
THAT  IS  REQUIRED  TO  CONSTRUCT  THE  IMPERVIOUS  CORE  OF  THE  PROPOSED 
EMBANKMENT. 

ft  TEST  TRENCHES  CRT  RT-I  THROUGH  CRT  B7H2  WERE  EXCAVATED  WITH  A  BACK  HOC  IN 
OECCMRCR  I9R7. 


SCALEMN.  "400FT 


DATUM  IS  NATIONAL  (lEODETiQ  VERTICAL  DATUM  Of  1929 
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SILTY  $mO;  dork  kroom.ooitt.4ooto.fow  groooi 

to  J". 

B 

B 

E 

a 

grovol  to 

a 

□ 

□ 

B 

SI 

mrTTttM4  Jill 

B 

D 

B 

B 

6**TU.r  SILTY  SMD;  kroon. grovol  to  S'mo  cohot  ion 

i 

D 

B 

B 

B 

SILTY  SJ9I0.  flight  cohonon.lOl  cokkltt  to  S".  IB  0 

■ 

B 

a 

I 

f§j|m 

230 

□ 

■ 

□ 

D 

D 

GPMtlLY  SMIO/SILTY  BhMttLLY  S4M0;  kroon. moat.  . 
no  cohotion. 4ocoomoto4  tronito.10%  eobklot  to  S  - 

■ 

i 

i 

lor  ft  bout  dors 

■ 

ID 

ID 

ID 

flight  eohotion.groooi  to  3". 

^  PA  AJLUE  ENGINEERING  PAYS 


TH85-3 


XPTh\ 

LOG  1 

LL 

PI 

-6 

1-200 

OCSCftIPTION 

! 

if. o’ 

| 

"| 

TT 

Hr 

Lf£ 

3£ 

SILTY  £M.  brawn. mat  a t.accaa tonal  a  rural 

v^to  r, _  _  _  _  _  _ 

SMYSLLY  JILTV  SAW;  dark  braam.maiat.fraval 
fo  If/j. 
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vary  danaa, acema  iamal  fraral  ta  3". 

NP 

88 

IS 

id  O’ 

3W- 

SM 

NP 

80 

10 
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M.QTES; 

»  SEE  PLATE  90  FOR  LOCATION  OF  TEST  THENOCS. 

AND  CLASSIFICATION  SVSTEM. 

1  TEST  TS0OCS  «E  EXCAVATED  BY  BACXHOE  IN 
JUNE  19** 
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SANTA  ANA  RIVER  CALIFORNIA 
PHASE  B  GENERAL  DESIGN  MEMORANDUM 


SEVEN  OAKS  DAM 

IMPERVIOUS  BORROW  AREA 
SOU  LOGS 

TT85-1  THRU  TT85-14 


SPEC  NO.  OACWW- _ _  »• _ 
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Safety  pays 
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83 

13 
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a 

SILTY  SAND  rod-brown.domp.il  ight  ly 
comontod 

m 

C 

B 

lott  cohonvo. 

8  O' 

H 

B 

a 

B 

a 

CLAYEY  S  AMD.  light  brown,  dry.  1 1  ightly 
comontod.  9'ovol  to  ?’ 

too- 

c 

m 

□ 

E 

SILTY  SMD.  light  brown,  dtmp.i  lightly 
comontod. 

a  cr 

B 

B 

SILTY,  CLAYEY  SMD  .light  brown .  damp . 

1 1 1  fffi  e  l  y  comontod.  occotionol  grovot 
to  r 

ISO 

5 

1 

B 

B 

a 

SM 

1 

a 

B 

SILTY  SAND  WITH  GRAVEL,  light  brown. 

dowp.woderatoly  cowontod  dodo,  tow 
cobblet  to  4" 

B 

a 

B 

a 

SILTY  SMD.  light  brown. dmp.wodorotoly 
comontod  do dt.foo  cobblot  lo  4". 

SC-SM 

ED 

u 

Hi 

SILTY,  CLAt£Y  SAND,  brown.drm.tlightiy' 

230 

SWSM 

E 

B 

□ 

1  cowon'od 

WELL  GRADED  SMD  WITH  SILT  MO  GMYEL. 

280' 

m 

a 

B 

a 

brown. domp. grarol  to  2*. 

5ILTY  SAlD  WITH  GRAVEL,  brown,  damp,  graro 
to  2m. 

“^1 

3/  0 

^2 

B 

B 

m 

E 

■  1 

LL 

LiJ 

U 

DEPTH  LOG  P 


a 

HR 

Q 

1  "I  •! 

H 

Q 

M* 

B 

m 

i 

30 


[pRJOf d  s/*»o  tiro  sar.  W 

dump,  tarn  eobblmo  to  51*. 

S4W>  fJTW  0Mm.  I.0M  6ro*n, 
•odor  a  tot  y  (MMltd  cloitjtm 

»«  to  4‘  _ 

SAND ,  1 19M  brpwrT.  35wT5m5«?#77 
f#<*  dodo,  fam  e*56l»i  *•  4". 


SSSS5  *?*r==^=^=sr 

1  ‘bht  brown  -  - 

«wtT6B4ofo  ftioi?nr?irr  *w  fiESiz: 

bromn.drr.thfht  cohonon  gro*«f 

cobbU,  «o  4«  *  * 

'*•»  cobbtot  to  ’ —  ■ 


NP  79  9  °  *  e0bb>tt  ’*  5*  *  "  - 

« 1 1 9bf  fy  damp 


,  _  SflTY  SmO.  rom-bron. damp. otiomaiing  lay- 

10  25  3  98  22  \  art  and  Imhi  of  tond  and  doyay  tilt  train  t 

j  «•  >* 

NP  9t  iT  bran, dam. mmy  dadt.epfiaura 


ssc 

SC 

fir 

96 

36 

CLMrgy  smo.  rad -brown .damp 

SM 

lL 

84 

20 

SILTY  54*0  f/TN  64^rfL,  rad-bran,  faw  c  .  dt 
grawal ta  tm. 

6i  O' 

7^1 

.  J  . 

IT 

20 

\  brokon  from  torpor  rockt  by  buck*' 

\  drt  Ihng  ttooood  duo  to  rock, 

-  - — -  *«  ( 

NP  9oTi5  I  f—  **a<  1  e  lod*.  grotril  to  2* .fgw  cobble*'  to 
NP  96  I  16  I  ??odrMm  15  *  ,m°“  M  tdbbloi  oncoun 


_!£ _ 18  94  14  U-**  s*ft.  rod-bromn.tom  dodo. 

'  26  11  97  2,  S,Lry  SmD  r»d- brown,  dame,  30  X  mil  clod, 

sw  - - - - - 

?  24  3  94  16 

SC-5M  in  4  96  S4"D-  '•‘-►'•"■"—.w*  «'« 

|  29  5  98  35  SILTY  SANA.  light  b'own  damp,  graft  I  to  Mg* 

SM  (27  2  !  98  20  1  rod-brown .dan»a,  l$  S  etodt .grovot  to  (*. 

4  J  3 7 1  i  i  1  98  39^  grortl  to  2’  * 

- 1 - * - *-— — ■-  — 4~ - - — — . _ _ _ 

I  26  j  7  )  96  19  SILTY,  CL4Y£Y  SAND.  dark  rad-brown,  damp,  dodo, 

|  1  |  l”  9W  to  r.coh.i.y., 

;SC-SM - - f - - ♦ _ — _ _ _ _ 


■'26:  6  l  97  21  ]  a°rk  ^'dm.elodt. 


|  34  14  99  Lt  CL*I'£Y  SMlD.  dark  b rawn.  damp,  don to, marry  dad* 

-f - 1 - - - 1— - -  - -  - - -  - 

30  J  9  1  96  j  1 7  rod-bromr.maoy  dado 

T  '  i  POORLY  G»AD£D  SANS  WITH  Sid;  r9g-  grown,  aarrp, 

|  24  j  3  1  68  12  "•otif  nodi.grorn  to  2’ 

t - 1 - 1**!  ■•! — — - . - - — ■ — ■ — - 

- 1 - f - j - -  - - 

I  ‘  1TJ  «x»ly  <x*xo  smo  nn  sar  mn  e*ma.  „d- 

j  Kpj  r9j  B  brown,  damp,  grort  I  to  5" 

A - - - f - -  - - - - 

II  brovn.ff*  cobbffi  fo  4*. 

;  NP  69 |  9 

1  1  *’ • 1  *'"»  t tpppod  dud  to  Iqrgo  rock 


GMOED  smo  WITH  SILT  4*0  OUVEL. 

n.domp.groyol  fo  T. 

•  SAHO  WITH  br own.  dmp,  grant 

GMOfO  SmO  WITH  SILT,  rod-bran, 
.oncoontorod  rackt  of  bottom  of  hoi  a. 


SCALE  UN'S  PT 


OttCPMPTION 


smn.  r od- broom,  drg,  H  twmttf  gg. 
g ravat  tg  lm,  too  bom l dor t  am  tmr. 

1  3<  . 


ttddeen  smt>  n»  silty  cut  m 


ptrwv  smo  mm  silt  mo  «wn, 

brown,  dry,  10  %  tobblot  *» 
ng  ttoppod  dpo  to  rook  Of  T.j' , 


U  J  MMt  WGHtW  OttTWCT 
lOS  bHCtLR 

corns  Of  _ 


mc«r 

^ AN  1  A  ANA  H(Vk«  oAtlfUHNIA 

y/jrNf’Al  OF  SIGN  MFMOHANOUV 

onam  or.  I 
FCtsMuAM 

SEVPN  OAKS  DAM 

— 1 

IMPERVIOUS  SORHOW  AREA 

o*c**e  •».  1 

I 

SO*.  LOGS 

r.BHS6-i  THRU  C8HB6  8 

J 

*u 9+trrto  »t. 

L  _  !£U  smr  * 

CBTftfT  **NO 

ENHANCE MINT 
THRU  ENGINEERING 


AYS 


[hie  ENGINEERING  PAYS 


lOQI 


lCRIPTOW 
I brown. 


SMO  WITH  SILT,  rod-brown, 
to  3-. 

m  WITH  SILT.  brown.  domg, 

»>ro. _ 

SMO  WITH  SILT  Ml  GW«L, 

f  f  i  gM  I y  c obo*<r*.  gr«t>«( 


caBanaaEs 


CBtl  96:16 


PI  >4  -200  DESCRIPTION 


SILTY,  cuter  SMO.  light  brow, >.  tey, 
m*4t urn  dorttt.  cohot too  doit. 


«U  <*40£0  S4N0  PITH  SILT,  li*(  brow, 
dry,  Mtfiiw  d#fl«0. 


5/LTY  Smo.  light  brwn,  dry.  cobosiyo 
clod*.  yrovol  »o  !-//?“. 


SILTY  S4N0.  1  ifb  1  brow.  « 
clod*. 

try.  coboo  M 

brow 

•lightly  dong,  cohort ro. 

— 

PELL  SPADED  SAW  PITH  SILT,  light  broom, 

$  lightly  doom,  grorol  to  3“ ■ 

SILTY  S4N0.  light  brow,  i 

ilightly  dome. 

SILTT  SmD  WITH  QAhflL,  light  brawt 


SILTY  SMO,  broo n.  doop,  ■  IrpMfy  coh**i«-«. 


S/ LTY,  CL4YEY  54W7.  brow.  dwp.  tftghfly 
coboa iro. 


Silty  Smo.  brown,  imp.  ohghUy  cobottro. 


SILTY,  CM.YEY  S MHO.  Sark  brow.  dome.  ,1,  ghlly 
cohonro. 


SILTY  SA HD.  dark  brown,  damp,  cohonro,  low 
tub  round  grorol 

drilling  t loppod  duo  to  rock. _ 


C LM£Y  SMO.  rod-brown.  dowo.  eobonro. 

SC  <  28  10  •»  25  lor  go  dodt. 

27~  ~  "5T  SILTY  SMO.  rod-brow.  daw.  $lighllr 

- ^coboorw,  lorgo  dodo  _  _ 

SM  34  7  M  13  oo  elodt 

HP  *4  W 

wo-ir  aum  sdm  gm  SfL7  jgto  SAMEL . 
SP-SM  HP  TP  10  rod-brow.  dwp.  olirf**  cobo«fO«.  grorol 

: _ t*jtL - - - 

SM  27  4  *7  13  SI  LTV  smo-  '•n-Wroom.  dom*.  »»■*< 

' _ coboo  loo.  —II  dodo. _ 

.  SC-SM  2«  T  M  >•  SILTY,  CLdVEY  SmO,  rod-brown,  domg.  •  light 

- -J - t-  -_i  - -  cobooroft,  *•*>!  dodo. 

\dr iH>»g  0*000 od  duo  To  rocfc. _ 


i row,  dmog,  cohoitro,  grorol 
ibbloo  to  t" 

dm o  to  !•'*  *-och. 


U.  S.  MMT  fNGMC«t  IMCTMCT 
LOS  ANQB0 

_  aown  op  tNGwwM 

SANTA  ANA  ftIVEN  CALIFORNIA 
PHASE  D  OFNE4AL  DESIGN  MEMORANDUM 

SEVEN  OAKS  DAM 


I 


IMPERVIOUS  BORROW  AREA 
SO*.  LOGS 

C3H  86-9  THRU  CSH  86- 16 

UW»  W«>W» - A—. 

WSTWCt  HI  NO. 


ENVMONMENTAL 
ENHANCEMENT 
THRU  ENGINEERING 


WITH  smrft,  brown,  dry. 


SILTY,  CLAYEY  SAID.  rod -brown, it  ,#11, 
aomfi.rory  don  to 


laagQQi 


^^BIDQDDD 


*0  WITH  SILT  MDGRAVEL, brown 

gravel  to  1-1/2".  10  * 


GRAVEL;  brown.  dr*.  »ub- 
to  1-1/2*. 


texture, gravel  to  I  - 


SILTY,  CLAYEY  SMO  WITH  GRAVEL,  rod-brown. 
20  4  64  23  dame,  cobbles  ol  I5‘. gravel  to  3". 

.  Sl^LTY,  CLAYEY  SARD.  brown.domm.dnlling 

22  3  as  v  fractures  mhi  titb-groy,  rock  into  tmallor 

I  I  1  1  I  «i«M 


SILTY  SAM  WITH  GRAVEL,  broom. moiot. 
don  to,  non  cohos  iro.  whi  1 1  Oh  groy.ooatb- 
\ered  cobb I ol  di  t intergrate  with  bond 


SILTY,  CLAYEY  SARD;  brown.moitt .  dons o.tomo 
eobblot  ond  woatborod  rock . grave  I  to  1/2". 


I  SILTY  SAM.  brown .  mo  i  s  t ,  some  weathered 
J  (7  I  rock,  grave  I  to  I". 


increott  in  woatborod  rock. 


IBE9I 

IDBi 


IB 


DEPTH  LOG  MC  UL  PI  -4  -200 


5*0,  brown,  dry, medium,  dwn»», 
*  grave!  to  I". 


SARD  WITH  SILT  AID  GRAVE L. 
\iods.  grovol  to  5*.  10  *  eobblei 


GfMYfL,  brown. dry ,  grant  I  to 
flat  to  6" 


.  dry.  tow  cobbles  to  6" 


CLAYEY  SARD,  brown. moi it .non-cohoiivo 
of  I  foot  doeth  hard  drilling. 

WELL  GAMED  SAID  WITH  SILT  AMO  GRAVEL, 
light  brown.  moist. non  cohesive 

s. subongu lor  eobblot  to  5",ho'd  drilling. 

sarr  smo  hth  light  brown. 

slightly  moist.non  cohostvo.  tobongulor 

eobblot  to  B" 

WU.  GRADED  SAM  WITH  SILT  AtOGRAVEL. 
brown. t lightly  moist.non  eobosivo.weotb- 
e red.  decomoot  mg  rock  Iracturod  to  3" 
\grovol  tt*o  by  bockot .hord  drilling 
ROORLY  GRADED  SARD  WITH  SILT  AID  GRAVEL. 

\  brown. slightly  woitt.non  cohesive. ooeth- 
\  trod  rock  ond  eobblot  to  $m.vhi  to,  grey 
\  and  rust  brown.irocturot  ond  brooks  opart 
\ drilling  t topped  duo  to  rod,  ond  eobblot. 


SILTY  SARD,  brown. moi st .  woothortd  roek. 
grovol  to  I" 


SILTY  SARD  WITH  GRAVEL,  brown.moitt. 

I  '  85  16  woothorod  rock, grovol  tO  3" 

S/LTY  SARD,  brown.moitt .woatborod  rock. 
IP  BT  13  grovol  to  I *. 


U  S.  AA MY  CNCMCBt  OlSTUCT 
IOS  ANGELES 

_ OOtn  Of  ENGINEgS 

SANTA  ANA  RtVtfR  CALIFORNJA 
PHASE  a  GENERAL  DESIGN  MEMORANDUM 


SEVEN  OAKS  DAM 


IMPERVIOUS  SORROW  AREA 
SOU.  LOGS 

CBH  8e  17  THRU  CBH  86-23 


SAFETY  PAYS 

PIATC  A-8S 

L. . . . . . . . . . . 

. 

CBH  86-31 


VALUE  ENGINEERING 


CBH  86  -34 


oerm 

toe 

MC 

Lt 

PI 

□ 

-200  __  OtSCRlPTiru.  0&TH  LOG 

US' 

SM 

13 

n 

o 

El 

D 

1 

B 

B 

B 

B 

rLfkXZTiZ'MZ ■  ««*,  Tor#* 

ock  **Wr*9  5  to  n*»  tocafjpo 

s*-$J 

0 

B 

B 

*#»•*  '»##*«*  ofa*n  «r  J< . 

1 

B 

B 

B 

B 

taa  co6t>l*i  y.5' 

SM 

/ss' 

5 

1 

■ 

B 

B 

B 

P£U  smko  smo  with  $/Lt.  i.iTt  br**« 

•aiaf.grar*/  to  J" 

19.0' 

a 

B 

i 

B 

CL#&  SAM);  dork  brwm.aoitt.cahatii'a.  /7.0' 

SP-SM 

ITS' 

sc-sm 

28 

6 

99 

48  | 

S/Lrr,  CtA-fV  Stuff,  dark  »f.  «r- 

ha*irt.  lor B*  clod*. Brflrtf  to  Irf-  ■ 

21 

7 

99 

42 

SC-SM 

SM 

2? 

7  1 

87  ! 

J 

*9.0' 

» 

28 

4  1 

*7 

SILTY  SMO.  dark  brown ,moi  tt ,  cofien  re. 

SC-SM 

J 9.0' 

SC-SM 

“ 

t 

97 

St  | 

SILTY,  CLMPf  SMO.  dark  broM.Miat.eo- 
*•»<*'«.  el  odi 

SM 

JSO'  1 

SM 

27  , 

4 

97 

St 

SILTY  SAID.  rad'br<xm.Mi«f  .greraf  1o  is2* .  jin' 

SP-SM 

J TO'  1 

SC-SM 

24 

7 

99 

St 

^3*  rack  frogntnll 

SM 

w 

\dr;/l»/ip  afopptd  dii*  fa  l«rf«  r*ck’ 

CBH  86-33 


OCPTN  IOC  — C  (.L  Pt  *  -ZOO _ DESCRIPTION 


3.0' 

D 

■ 

Cl 

a 

□ 

□ 

SILTY  SAID.  rad-br«»*vaoi*f,cob#***'t  . 

1 

fl 

fl 

s 

e 

light  6ro»*».  dry.  dan*#.  caaa"tad,*aal  1  clode, 
hard  dr*  1 1  ■*** 

m 

a 

□ 

a 

□ 

□ 

Slirr.CLA'fy  SAID.  light  broan.dry.da***#. 

caMfifad.iaa/ 1  c  >od» 

no' 

H 

B 

1 

D 

i 

D 

mom.r  «MOfff  smo  with  silt  mo  ®mpel. 

light  braan.dry.  greral  fo  JVcabbfa*  fa  S", 
bucket  fracturing  r«efc  info  eebbia  titet. 

— 

1 

MP 

79 

8 

VFLL  GMDfD  SMO  WITH  SILT  MO  MMtL. 

.  brean. dry. do«»a, groat  1  tc  3‘ .  »ubroi*»dad 

ISO' 

E 

□ 

MP 

« 

8 

\cabbfat  10  9'dteoapotad  reek,  herd  4rt  1 1  it>§. 

trartl  fa  **\bvckat  fracturing  largo  reek 

OCPTX 

too 

3.0' 

5* -5* 

3.5' 

SM 

90' 

SC 

no' 

SP-Sl 

SM 

19  0'  | 

*3.0' 

GP-G 

SM 

30.0' 

-  SAFETY  PAY 

.  :r»-w  '*■'  ■ 


VALUE  ENGINEERING  PAYS 


CBH  86-35 


CBH86-37 


oerr*  log  mc  ll  pi  -a  -aoo 


DEPTH  LOG  MC  LL  PI  -4  -200 


CLmPf  SAW),  moist, cohesive. small  clt 
soma  dacampotad  rack. 


rooms  6«40co  smd  win  silt  mo  gravel. 

moist, many  cabbies  ta  4‘ .vaot hared  da- 
estate  sad  rack,kar4  drill  in g. 


vary  hard  digging  and  caving. 


WELL  GRADED  SMO  WITH  SILT .  light  brawn, 

NP  9S  8  maial.nancahaaiva. 

PELL  SUDfO  SMC  SITU  SILT  MO  SMVEL,  rf«rk 
kraan.mei it, alight  cahai ian, grave  I  to  I", 

NP  8*  T  fm  cabbies, weathered  rack. caving  Iran 
f  lac t  to  It  foot  depth. 

SILTY  SMO.  dark  broan.meiat.ihght  cobat, on, 
MP  93  13  email  cl  odi.gr era  I  to  I*. 


PELL  S9AOEO  SMO  With  SILT ;  light  brawn, aoiit 
•7  7  gravel  ta  Hft". 


CHB  86-36 


X-  DESCRIPTION _ 

mp4 - - - 

_ ry, danaa, coman  ted. two  1 1  clodi , 

8  SMO.  light  brawn, dry, danse. 

_  i  cloda. _ ~ 

NF  SMO  WITH  SILT  MO  GRAVEL, 

_ ry. gravel  ta  t". cobbles  to  $•. 

ring  rack  into  cobble  mat 

2  - 

MO  9 in  SILT  MO  694 VEL.  light 
»e. grovel  to  3" , subroundad 
J  decomposed  rack. hard  drilling. 


OCPTH  LOG  MC  LL  P«  -4  -200 


PELL  GRADED  SMO  WITH  SILT  MO  69ME L. 

^  12  rad-brawn,  damp, weathered  dacampatad  rock. 

“  SIL7V  SAW.  red-brawn,  dma.  grovel  fair 
**  93  17  two  1 1  clodt.dacompoaod  rack. 

24  8  88  18  rock. 

NP  ~77  ~8  PTJOPLY  6940(0  SMO  WITH  SILT  MO  69MEL.  ~ 

_ light  brown, damp, dent  a. woof  bar ad  decomposed 

\  rack, hard  drilling. _ 

2l  2  87  18  j(tyy  jfHQ.  f0g-brewn, moist. weathered  da - 

- competed  rack.  _ _ 

cabbies  to  5 *  easy  drilling 


P009LY  0990E0  99MEL  9 IT*  SILT  MD  SMO ; 

«n  7  I ijht  brewn.waist. slightly  cahesive.gravel 
ta  r.waatharad  dacampasad  rack, cosy  dnll- 

_ me.  _ 

SfLTV  SMO  PIT*  69MEL .  light  brawn. moist, 

93  14  weathered  dacampasad  rack. gravel  ta  M/2. 


ENHANCEMENT 
THAU  ENGINEERING 


r 


.-'.fr??'-'  - 


VALUE  ENGINEERING  P 


C8T86-I 


UXL 


aeaa am 


SUIT  SAND  WITH  Slum,  b rowm.dmg. 

\tom  e obblot  mod  NwINn  fa  <»-* 
ISILTT,  CLATf*  SANO,  raA-braati.  Aaaa. 

wg  wHUi.MMiitMl  fcaulDar  fa  II. 


Yiaaa)  Sotimoto:  10* 


f<J%  eiUlia 

50*  bouldort  to  IS". 


C8T  96-5 


LOG 

MC 

LL 

PI 

-4  -MO 

DESCRIPTION 

30 

4  | 

oo 

_ 

□ 

31 

e 

100 

M 

donto.modorotol y  cootontod 

SM 

■ 

■ 

□ 

B 

B 

light  rod-brown.il ightly  doom 

NP 

M 

0 

light  brown. grono!  fafj.* 

!Z0 

NO 

SA 

MPL 

E  1» 

KEN 

(rat'll  to  lify 

93 

!€0 

ter  w-9 


W'-^uZi 

COG 

NC 

pi 

-4 

MO 

_ ocscwynoN 

mm 

Rn 

m 

n 

m 

ni 

sc 

in 

□ 

□ 

□1 

-Z£ 

— 

in 

i  a 

LI 

U! 

■\aAWY  smo  WITH  S RAWl;  dork  rod -brown. 

KTa 

Li 

id 

Kill 

gg 

■ 

■ 

□ 

□ 

□1 

|  if1 

I 

■ 

□ 

D 

B! 

ft0 

^2 

■ 

a 

Iraomr  sum  mb  tin  silt  mo  mum. 

light  rod-brown,  $ rwrol  ond  cob* lot  to  lt“ 
Iwyor  of  eohhlot  from  T  foot  to  It  foot 


*ru  flAAoro  $*o  with  sur  mo 

lifAf  rodr  brown,  grovol  ond  oohhloo  to 

ir;4 nnniH  racA  f  tronchlng  ttooood 

doo  to  lorgo  rook.  _ 


«T«12 


IVFi 

n 

n 

m 

_ - 7— 

n 

n 

n 

PM 

m 

if*  00,1. 

3* 

y 

Q 

m 

m 

H 
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I .  REFER  TO  PL  ATE  A -40  FOR  LOCATION  OF 
TEST  HOiES. 

t .  REFER  TO  PLATES  A-S*  THRU  A-72  FOR 
SOR.  LOOS 
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Pi  ATE  A-iO 
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ER&AUJE  ENGINEERING  pays 


8EED-*0RI$8  MAGNITUDE  •  *  EARTHQUAKE 
A(m«*|-0  70e 


0  00  10  00  20.00  30.00  40.00  60.00  60  00  70.00  MOO 

TIME  (••coodi) 


\  ^  _ BOLT'S  MAGNITUDE  >♦  EARTHQUAKE 

^  A(m««>-0  70q 

SEED.  UG AS.  LYSMER  (m#«n  ♦  i)  “ - 
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PERIOD  (Met) 


SeecHdriss  04*  Magnitude  Earthquake  Record  Scaled  to  0.70g  Max. 


NORMALIZED  ACCELERATION  SPECTRA 
FOR  BASE  ROCK  MOTIONS 


NSC  SPECTRA  FOR  BASE  ROCK  MOTIONS  WERE  DCTERMMEO  USING  THE  'SHAKE*  COMPUTER  PROGRAM  WITH  A  VALUE  OF  5*  OAMPING 
'SPOMSE  SPECTRA  WERE  NORMALIZED  TO  A  MAXIMUM  GROUND  ACCELERATION  VALUE  OF  0  70  O'*.  (BOLT  6  SEEO  ORlSS  RECORDS) 

OLT  MAGNITUDE  EARTHQUAKE  RECORD  WAS  DEVELOPED  BY  ESA  WITH  CONSULTATION  BY  B  BOLT  FOR  THE  8EI8MIC  STABILITY 
SIS  OF  SAN  ANDREAS  AND  PILACIRTOS  DAMS. 
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SANTA  ANA  RIVER  MAINSTEM  CALIFORNIA  “ 
PHASE  H  GENERAL  DESIGN  MEMORANDUM 

SEVEN  OAKS  DAM 

EARTHQUAKE  ACCELEROGRAPH  RECORDS 
AND 

RESPONSE  SPECTRUM8 _ 
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SUMMARY  OF  FORCES 

WEIGHT  TANGENT  NORMAL  RESULTANT 
WEDGE/  (W>  (T)  (N)  (R) 

SLOCK  (KIRS)  (KIRS)  (KPS)  (KIRS)  (DEO) 
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9177 

1843 

90*8 

9421 

891 

2 

*••2 

T§7  i 

I97C 

2127 

832 

3 

59SS 

199* 

4889 

9278 

108  2 

1 

9177 

- i 

2723 

5396 

8044 

78  2 
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IS92 

SS3 

1994 

2181 

811 

3 

99SS 

ISSS 

4334 

4  788 

1039 

9©E  FORCE 
(E) 

(KIPS)  iOEO> 


1.  R  :  RESULTANT  FORCE  OF  T  ANO  N  FORCES 

2.  RESULTANT  ANGLES  ARE  MEASURED  FROM  THE  (‘)  HORIZONTAL  AXIS 

S.  HORIZONTAL  WATER  FORCES  ARE  AT  AN  EOUNJSRMM  STATE 
IN  SUDDEN  DRAWDOWN  AND  PARTIAL  POOL  CONDITIONS 

4.  SIDE  FORCE  ANGLE  WAS  OBTAINED  FROM  COMPUTER  RUN 
OF  UTEXAS*.  SPENCER'S  METHOD. 
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GENERAL  NOTES  .• 

1.  TRIAL  WEDGES  WERE  ANALYZED  AND  CHECKED  BY  HAND  USING 

THE  QRAPHICAL  WEDGE  METHOD  IN  ACCORDANCE  WITH  EM  1110-2-1*02 

2.  FOUNDATION  SHEAR  STRENGTH  EXCEEOS  EMBANKMENT  SHEAR  STRENGTH. 


DATUM  IS  NATIONAL  GEOOETlC  VERTICAL  DATUM  OF  1*2# 
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GENERAL  NOTE8  : 

1.  TRIAL  WEDGES  WERE  ANALYZED  AND  CHECKED  BY  HAND  USING 

THE  GRAPHICAL  WEDGE  METHOD  IN  AOOOROANCE  WITH  EM  111<MMSOE. 
t.  FOUNDATION  SHEAR  STRENGTH  EXCEEDS  EMBANKMENT  SHEAR  STRENGTH. 
9.  SEISMIC  COEFFICIENT  OF  0.16  FOR  ZONE  4. 


DATUM  •  NATIONAL  GEODETIC  VERTICAL  DATUM  OF  1026 
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PHASE  B  SENEGAL  OCSMN  MEMORANDUM 
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EMBANKMENT  SLOPE  STABILITY  ANALYSIS 
END  OF  CONSTRUCTION 
UPSTREAM  SLOPE  WITH  EARTHQUAKE 
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GENERAL  NOTES 

1.  TNIAL  WEDOEE  W«*t  ANALYZED  AND  CHECK EO  EY  HAND  UEINO 

the  ohafhical  weooc  metmoo  m  aooonoanqe  with  em  nto-»~tto*. 

t.  FOUNDATION  SHEA*  STRENGTH  EXCEEDS  EMBANKMENT  8HEAN  STRENGTH. 


DATUM  *  NATIONAL  QEOOETC  VERTICAL  DATUM  OF  IEEE 
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END  OF  CONSTRUCTION 
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NOTES:  SEE  NOTES  ON  SLATE  A-7S 
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Safety  pays 


GENERAL  NOTES  = 

1.  TRIAL  WEDGES  WERE  ANALYZED  AND  CHECKED  1Y  HANO  U8INQ 

THE  GRAPHICAL  WE  DOE  METHOO  IN  ACCORDANCE  WITH  EM  1110-3-1802. 

2.  FOUNDATION  SHEAR  STRENGTH  EXCEEDS  EMBANKMENT  SHEAR  STRENGTH. 

3.  SEISMIC  COEFFICIENT  OF  0.1 8  FOR  ZONE  4. 
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FACTOR  OF  SAFETY 


GENERAL  N0TE8  t 

t.  TRIAL  WEDGES  WERE  ANALYZED  AND  CHECKED  BY  HAND  USING 

THE  GRAPHICAL  WEDGE  METHOO  IN  ACCORDANCE  WITH  EM  1110-2-1*02. 

2.  FOUNDATION  SHEAR  STRENGTH  EXCEEOS  EMBANKMENT  SHEAR  STRENGTH. 


DATUM  IS  NATIONAL  GEOOETlC  VERTICAL  OATUM  CP  i#2» 
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ACCELERATION  (gt| 


0  10  20  30  40  SO  00 

DISPLACEMENT  (mcl>4») 


ESTIMATED  ACCELERATION  PROFILE 


ESTMATED  SLOPE  DISPLACEMENT 


’  *V  OENOT£S  YIELD  ACCELERATION 

1  Q  Q  DENOTES  ACCELERATION  (MAXMUM  CREOOCE  EVENT  A(m«r|  -  0700  / 

BOLT  S  MAQMTUOE  8*  EARTHQUAKE 
' - SEED  ORISS  MAQMTUOE  •-  EARTHQUAKE 

1  #  0  DENOTES  ESTIMATED  OORIACEIICNTS 

I  NENMARK/SARMA/AMBRAVSEYS  METHOD 
*—  BOLT'S  MAQMTUOE  8*  EARTHQUAKE 

- SEEO-ORISS  MAQMTUOE  8-  EARTHQUAKE 

(|—  MAKCXSl-SEED  METHOO 

tM*.ACe*«*rr  wo*  80lT8  »-  iaatmouaa?  i 

1  TME  ACCELERATION  VALUES  AT  T>€  OMQNAL  GROUND  SURFACE  ARE  FREE  FCUJ  VALUES 
FROM  TK  SNAKE'  COMPUTER  PROGRAM  BY  PROPAGATMQ  BEDROCK  MOTIONS 
THROUGH  THE  FOUNDATION  ALLUVIUM 
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NOTES- 

I  REFER  TO  PLATE  A-92  FOR  GENERAL  NOTES  ANO 
DESCRIPTION  OF  MATERIALS 
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I  REFER  TO  PLATE  A- *2  FOR  GENERAL 
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I  REFER  TO  PLATE  A-S2  FOR  GENERAL  NOTES  AND 
DESCRIPTION  OF  MATERIALS 
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AGGREGATE  SOURCES  EXAMINED 


LTUE  CR££«  SOURCES 

(SEE  LOCATION  NIP) 


A\  <**L  ROCR  CONPANT 

A  "*™  STREET  CRUSHER 

SANTA  ANA  PITER 
(SEE  LOCATION  NAP) 

A  LITINSSTON  CRAHAN 

SAN  GORCONIO  PITER 
(SEE  NICINITT  NAP) 

A  REAUNONT  CONCRETE  CONPANT 
A  ON  SITE  SOURCE 


CEMENT  SOURCES 


CALIFORNIA  PORTLAND  CENENT  CONPANT  (CALNAT) 
COLTON, CALIFORNIA 

CALAVERAS  CENENT  CONPANT 
SAN  ANDREAS.  CALIFORNIA 

CALNAT 

MOJAVE.  CALIFORNIA 

RIVERSIDE  PORTLAND  CENENT  COMPANY 
ORO  GRANDE.  CALIFORNIA 
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RESTERN  ASM  CO.  MOJAVE  PLANT 
MOJAVE, CALIFORNIA 
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PAGE, ARIZONA 
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1.  T*|f  tr cochM  were  MCOwMed  in  Aufuit  1987  by 
O  Coterpillor  MH  belldoter. 

2.  GrowndwOter  occurred  only  in  TT  87-2  of  o  depth  of 
9  foot  bold*  th«  ground  torfoc* . 

3.  Samples  were  QMoined  from  the  spoils  piles  by  oscowoticn 
with  o  Caterpillar  977  tracked  looder. 

4.  Gradations  of  materials  are  shown  on  plots  A-  96. 
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AFiTY  PAYS 


ENVMONMCNTAl 
ENHANCEMENT 
THNU  ENGINEERING 


10.000  cv 


MOTES 

I  M  TO  EXACTED  M6H  GROUNDWATER,  USE  OF  UPSTREAM  PERVIOUS  BORROW  AREA 
IS  OPTIONAL  QUANTITIES  FROM  THIS  SOURCE  ARC  NOT  INCLUDED  M  EMBANKMENT 
TOTAL  SHOWN. 

2.  DISPOSITION  OF  MATERIALS  EXCAVATEO  FROM  ABUTMENTS  ANO  OUTLET  WORKS  WILL 
BE  DETERMINED  DURING  FPM  STUOY  PHASE  AFTER  ADDITIONAL  INVESTIGATIONS  AND 
TCSTMS. 

S.  SEC  PLATE  A-t  FOR  LOCATION  OF  OAMSITt  ANO  BORROW  AREAS. 

A  SEE  PLATE  A- SO  FOR  CMBANKWENT  SECTION  DETAILS. 

5.  SEE  PLATE  A-IOO  FOP  QUANTITY  VS.  ELEVATION  CURVES 
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MATERIAL  QUANTITIES  AND  DISTRIBUTION 

SUBMinCD  *T<  DAT( 

WWQVP, 
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MIC  NO.  DACWOt- _ %. _ 

OSTNCT  YU  NO. 

SMMT 

ELEVATION  (  FEET  ) 


ALLUVIAL 
TRANSITION 
10.601  MCY 


DOWNSTREAM 
TRANSITION 
13.159  MCY 
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PROPOSED  SEQUENCE  OF  BORROW  EXCAVATION  AND  CONSTRUCTION  REQUIREMENTS: 

I.  AREA  "A“  -  EXCAVATE  TO  AVERAGE  DEPTH  OF  40  FEET  ANO  USE  AS  DISPOSAL  SITE  FOR  WASTE  MATERIALS  FROM  EMBANKMENT  AND  BORROW  AREA 

2  AREA  "B"  -  EXCAVATE  TO  AVERAGE  DEPTH  OF  40  FEET,  BEGINNING  AT  EITHER  END,  ANO  RECONSTRUCT  PERCOLATION  BASIN  DIKES  AS  SHOWN 

S  AREA  "C"  -  CONSTRUCT  SUPPLY  CANAL  THROUGH  AREA  "A"  TO  DIVERT  WATER  TO  AREA  "B"  PERCOLATION  BASINS 

-  EXCAVATE  TO  AVERAGE  DEPTH  OF  40  FEET,  BEGINNING  AT  WEST  ENO,  AND  RECONSTRUCT  PERCOLATION  BASIN  DIKES  AS  SHOWN 

-  CONSTRUCT  SUPPLY  CANAL  ALONG  NORTH  EDGE  OF  AREA  V  TO  DELIVER  WATER  TO  PERCOLATION  BASINS 

4.  AREA  "0"  -  EXCAVATE  A8  NEEDED  TO  SUPPLY  MATERIALS  FOR  EMBANKMENT  AFTER  AREAS  V,  "B"  ANO  "C“  ARE  EXHAUSTED 

5  AREA  "E"  -  EXCAVATE  ONLY  UNDER  DIRECTION  OF  CONTRACTING  OFFICER  TO  REDUCE  IMPACTS  ON  BIOLOGICAL  AND  CULTURAL  RESOURCES 


NOTES: 

1  SEE  f 

2  SEE  f 
Of  FI 

S  SEE  P 
HAUL 

A  SEE  I 
FROM 
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RELOCAYCO  $(V«CD  CANAL  TO  SUPPLY  WATER  TO 
PERCOLATION  BASINS 

APPROXIMATE  OUTER  UMlT  OF  BORROW  EXCAVATION 


tMENT  ANO  BORROW  AREA 
I  DIKES  AS  SHOWN 


DIKES  AS  SHOWN 


EO 

AL.  RESOURCtS 


notes. 

»  SEC  PLATE  A-2  FOR  LOCATION  OF  BORROW  AREA 

2.  SEC  PLATES  4-M  THRU  A-S*  FOR  PLAN  Of  EXPLORATION  ANO  RESULTS 
OP  FIELO  ANO  LABORATORY  TCSTf. 

5.  BCE  PLAT*  24  (VOLUME  I)  FOR  LOCATION  OF  UTILITIES  ALQNB  PROPOSED 
HAUL  ROUTE. 

A  SEC  PLATES  A  9#  ANO  A  100  FOR  DISTRIBUTION  OF  PERVIOUS  MATERIALS 
FROM  BORROW  AREA. 
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Elevation  (feet) 


VALUE  ENGINEERING 


2600 

2500 

2400 

2300 

2200 

2100 


approx,  existing 
ground  surface 


strip  colluvium  to  bedrock 
(5-foot  overage  thickness) 


final  excavation  line 


minimum  5- foot  rock 

under  core  and  filter  zones 


conceptual  35— foot-wide  haul 
rood  in  tributary  canyon  bottom 


downstream  embankment  slope 

E 


min  imgm 
15- foot- wide 
access  road 
strip  colluvium  to  bedrock 

1 V:  0. 75H  maximum 
slopes  under  transition 
and  shells 


IV:  1H  maximum  slope 
under  core  and  filter  zones 


RIGHT  ABUTMENT  EXCAVATION 
SECTION  E-E" 

(VIEW  LOOKING  EAST) 
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RIGHT  ABUTMENT  EXCAVATION 
EMBANKMENT  CENTERLINE  PROFILE 

(VIEW  LOOKING  UPSTREAM) 


SCALE  ( 
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-  strip  colluvium  to  bedrock 
under  embankment 


hum 

t-wid* 

road 

I  to  bedrock 


final  excavation  line  . 


minimum  15-foot-wide  _ 
access  rood 


IV:  0. 75H  maximum  slopes 
under  trontition  and  shells 


streombed  alluvium  to  be  excavated  - 

as  required  during  embankment  construction 


RIGHT  ABUTMENT  EXCAVATION 
SECTION  F-F* 

(VIEW  LOOKING  UPSTREAM) 


-  approx,  existing  ground  surface 


approx,  existing 
stream  bed 


NOTES: 


1.  See  plate  A- 42  for  location  of  sections. 

2.  Location  of  access— road  cuts  is  conceptual  only. 

3.  Sections  and  profile  shown  only  for  the  right 
abutment  because  of  the  generally  steeper  topography. 
Identical  excavation  criteria  apply  to  the  left  abutment. 

4.  Before  placement  of  embankment  core  materials 
against  the  abutment,  further  shaping  and  seeding  may 
be  required  as  well  as  the  smoothing  of  the  cuts 

for  the  occess  roods. 

5.  See  section  12  of  this  appendix  for  a  discussion 
of  abutment  excavation  criteria. 


-  minimum  5-foot  rock  excavation 
under  core 


approx,  existing  streombed 
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Assessment  of  Seismic  Hazard 
at  the  Upper  Santa  Ana  River  Damsite 
by 

Dr.  Clarence  R.  Allen 


CLARENCE  R.  ALLEN 

1000  East  C«ifowi«  Blvd-  Apt.  3 OS 
PAMCOM.  C.MSBPHA  StIOS 


8  December  1984 


Mr.  Norman  Arno 
Chief,  Engineering  Division 
Los  Angeles  District 
Corps  of  Engineers 
P.0.  Box  2711 

Los  Angeles,  California  90053 


Dear  Mr.  Arno: 


This  letter  will  report  my  conclusions  concerning  the  seismic  hazard 
of  the  Upper  Santa  Ana  River  damsite,  following  my  visit  with  Mr.  Lukesh  of 
your  staff  to  the  area  on  July  24th  and  our  conference  in  Los  Angeles  on 
October  16th.  Needless  to  say,  these  are  somewhat  preliminary  opinions, 
inasmuch  as  my  visit  was  very  brief,  very  little  detailed  geologic  work  has 
as  yet  been  done  in  the  area,  and  I  have  not  had  the  opportunity  to  examine 
aerial  photographs  of  most  of  the  reservoir  area.  My  opinions  are  based 
primarily  on  (1)  our  brief  site  visit,  (2)  my  prior  knowledge  of  the  region 
dating  back  to  the  time  of  my  Ph.D.  thesis  work  in  1950-54  (Allen,  1957),  (3) 
my  continuing  studies  of  southern  California  seismicity  and  seismic  hazard 
(e.g.,  Allen  et  al.,  1965;  Allen,  1975;  Crook  et  al.,  in  press),  and  (4)  my 
continuing  involvement  in  studies  of  major  damsites  elsewhere  in  the  world, 
particularly  with  regard  to  the  problem  of  reservoir-induced  earthquakes 
(e.g.,  Allen,  1982a).  In  addition,  as  you  are  aware,  I  was  involved  in  the 
earlier  discussions  concerning  the  nearby  Mentone  damsite  (Allen  et  al., 
1975a;  Allen,  1981,  1982b). 

It  must  be  recognized  at  the  outset,  of  course,  that  the  proposed 
damsite  is  very  close  to  the  San  Andreas  fault — about  one  mile  away — and  that 
a  great  earthquake  of  about  magnitude  8  must  be  assumed  to  be  capable  of 
occurring  on  the  adjacent  segment  of  this  fault  during  the  service  life  of 
the  structure.  Indeed,  my  colleague  Professor  Kerry  Sieh,  on  the  basis  of 
his  paleoseismological  field  work  in  the  Cajon  Pass  and  Salton  Sea  regions, 
rates  this  particular  segment  of  the  San  Andreas  fault  as  the  most  likely  to 
break  in  association  with  a  great  earthquake  in  the  near  future— with  a 
probability  of  50 X  to  90Z  within  the  next  50  years  (Sieh,  1984;  Caltech  press 
release,  24  Sept.  1984).  Insofar  as  I  am  aware,  the  Corps  of  Engineers  is 
fully  cognizant  of  this  situation  and  is  prepared  to  design  the  dam  accord¬ 
ingly —  as  was  also  the  case  for  the  earlier  Mentone  site.  Additional  consid¬ 
erations  at  the  Upper  Santa  Ana  River  damsite  to  which  you  wished  me  to 
direct  my  attention  were  (1)  the  presence  of  possibly  active  subsidiary 
faults  even  closer  to,  or  beneath,  the  proposed  structure  and  its  associated 
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tunnels,  and  (2)  the  possibility  of  reservoir-induced  earthquakes.  In  this 
connection,  I  will  also  consent  below  on  further  exploratory  work  that  might 
help  to  resolve  these  concerns. 

Although  detailed  geologic  mapping  by  your  staff  has  not  yet  com¬ 
menced,  two  throughgoing  faults  close  to  the  damsite  have  been  identified 
that  warrant  concern.  One  of  these,  the  Mill  Creek  fault  (or  North  Branch  of 
the  San  Andreas  fault),  passes  about  3,000  feet  north  of  the  damsite  and  will 
cross  a  deep  part  of  the  reservoir.  The  preliminary  geologic  map  prepared  by 
your  staff  shows  the  Mill  Creek  fault  in  this  area  as  lying  beneath  unbroken 
Pleistocene  terrace  gravels,  which  would  imply  that  it  is  relatively  inactive 
as  compared  to  the  nearby  South  Branch  of  the  San  Andreas  fault,  which 
multiply  breaks  much  younger  Holocene  strata  and  produces  a  clear  scarp  and 
ground-water  barrier  in  very  young  alluvium  at  the  mouth  of  the  canyon.  A 
Caltech  graduate  student  who  has  been  doing  geologic  field  work  in  this  area, 
Ray  Weldon,  estimates  (personal  communication)  that  the  age  of  this  Pleisto¬ 
cene  terrace  is  about  50,000  years.  From  what  I  could  see  in  the  field,  I 
would  tentatively  agree  that  the  terrace  is  unbroken,  but  one  could  and 
should  look  at  this  situation  much  more  closely.  However,  even  if  the  Mill 
Creek  fault  were  considered  to  be  active,  the  kind  of  shaking  at  the  damsite 
that  an  earthquake  on  it  might  generate  would  be  comparable  to  that  which 
must  already  be  considered  from  the  nearby  South  Branch  of  the  San  Andreas 
fault,  so  that  the  question  of  the  degree  of  activity  of  the  Mill  Creek  fault 
is  somewhat  academic  insofar  as  it  affects  the  design  of  the  proposed  dam. 

Traversing  the  downstream  toe  of  the  proposed  dam  is  a  second  fault, 
informally  termed  the  Subsidiary  fault"  by  your  staff.  It  can  be  seen 
clearly  in  the  west  canyon  wall,  where  it  separates  crystalline  rocks  of 
different  types.  Fortunately,  it  is  apparently  truncated  here  by  an  unbroken 
patch  of  Pleistocene  terrace  gravels  about  120  feet  above  the  canyon  floor. 
This  patch  is  a  remnant  of  the  same  terrace  as  that  which  apparently  trun¬ 
cates  the  Mill  Creek  fault  farther  upstream,  so  that  this  fault,  too,  can 
probably  be  conaidered  relatively  inactive — or  at  least  not  able  in  itself  to 
generate  a  significant  earthquake  or  sustain  very  large  displacement. 

As  I  understand  the  present  plans,  one  concept  being  considered  is  a 
reservoir  which  would  have  a  maximum  water  depth,  with  the  Standard  Project 
Flood  and  full  conservation,  of  about  560  feet.  This,  however,  would  be  a 
very  temporary  and  rare  situation,  lasting  for  a  few  days  or  weeks  at  the 
most.  The  maximum  sustained  water  depth,  with  full-time  conservation  stor¬ 
age,  would  be  about  320  feet,  which  puts  it  in  the  category  of  a  "deep" 
reservoir  by  worldwide  standards  (Packer  at  al.,  1979;  Stuart-Alexander, 

1981;  Baecher  and  Keeney,  1982).  Therefore,  in  my  opinion,  there  must  be 
some  concern  for  the  possibility  of  significant  reservoir- induced  earth¬ 
quakes,  which  was  not  the  case  for  the  Mentone  damsite.  Although  the  volume 
of  water  and  debris  to  be  stored  at  full  conservation  is  about  100,000  acre 
feet,  which  is  not  large  by  world-wide  standards,  the  correlation  between 
induced  earthquakes  and  water  depth  seems  to  be  stronger  than  with  volume, 
and  even  relatively  small  reservoirs  with  this  depth  of  water  have  probably 
been  associated  with  significant  reservoir- induced  earthquakes  (Packer  et 
al.,  1979). 

An  added  concern  here  ia  that  the  Mill  Creek  fault,  which  is  a  major 
geologic  structure,  traverses  a  deep  part  of  the  reservoir.  Even  if  the  Mill 
Creek  fault  is  eventually  deemed  inactive,  it  clearly  represents  a  through- 
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going  zone  of  weakness ,  and  the  warn  springs  near  the  junction  of  Vara 
Springs  Canyon  and  the  Santa  Ana  River  indicate  that  deep  water  circulation 
is  currently  taking  place.  Thus  the  Mill  Creek  fault,  in  my  opinion,  must  be 
considered  as  the  potential  locus  of  a  reservoir- induced  earthquake  (Allen, 
1982),  although  the  probability  of  this  happening  is  very  small,  based  on 
experience  at  other  reservoirs.  The  maximum  worldwide  reservoir-induced 
earthquake  to  date  was  the  1967  magnitude  6.5  event  at  Koyna,  India,  and 
although  still  larger  induced  events  are  not  physically  impossible,  planning 
for  them  seems  unreasonable  (Allen,  1982a).  Thus  the  naturally  occurring  San 
Andreas  earthquake  would  probably  cause  heavier  shaking  at  the  Upper  Santa 
Ana  River  damsite  than  would  any  reasonable  reservoir-induced  earthquake,  so 
that  the  possibility  of  a  reservoir-induced  event  should  not  lead  to  addi¬ 
tional  design  considerations  except  insofar  aa  associated  surface  displace¬ 
ment  on  the  Mill  Creek  fault  might  cause  problems  in  itself. 

However,  the  natural  seismicity  of  this  part  of  the  San  Bernardino 
Mountains  is  sufficiently  high — with  a  1935  earthquake  of  magnitude  5.1 
having  occurred  perhaps  on  the  Mill  Creek  fault  nearby  (Richter  et  al., 
1958)-- so  that  any  earthquake  in  the  vicinity  of  the  reservoir  might  be 
claimed  to  be  reservoir-induced  and  could  not  easily  be  proved  otherwise.  In 
all  candor,  we  must  admit  that  the  state  of  the  art  is  presently  such  that 
scientists  would  have  difficulty  in  determining  with  confidence  whether  or 
not  a  given  earthquake  in  the  vicinity  of  the  dam  was  in  fact  related  in  any 
way  to  the  presence  of  the  reservoir. 

For  the  Mentone  damsite,  the  Board  recommended  that  2  to  3  feet  of 
fault  displacement,  in  any  direction,  be  considered  credible  on  arbitrary 
subsidiary  faults  that  might  underlie  the  dam,  because  of  its  proximity  to 
the  San  Andreas  fault  and  because  the  local  bedrock  structure  was  concealed 
by  alluvium  (Allen  et  al.,  1975a;  Allen,  1981).  The  Upper  Santa  Ana  River 
damsite  is  likewise  close  to  the  San  Andreas  fault,  although  the  local  bed¬ 
rock  is  virtually  1002  exposed.  An  added  complication  for  the  new  site  is 
that,  because  the  San  Andreas  fault  dips  about  65°  north  at  the  mouth  of  the 
canyon,  the  site  may  be  on  the  up  thrown  block  of  a  thrust  fault  and  is 
therefore  in  a  somewhat  more  vulnerable  location  from  the  point  of  view  of 
subsidiary  faulting  than  are  locations  on  the  downthrown  block  to  the  south 
(Sherard  et  al.,  1974).  While  it  is  true  that  the  San  Andreas  fault  probably 
steepens  with  depth,  and  it  is  certainly  not  a  deep-seated  thrust  fault 
analogous,  e.g.,  to  the  fault  causing  the  1971  San  Fernando  earthquake  (Allen 
et  al.,  1975b),  the  San  Bernardino  Mountains  may  have  been  uplifted  by  a 
vertical  component  of  displacement  along  the  bounding  San  Andreas  fault,  and 
active  splay  and  subsidiary  faults  appear  to  me  more  common  north  of  the 
fault  (within  the  mountains)  than  to  the  south.  Furthermore,  active  strands 
of  the  San  Andreas  fault  cannot  be  followed  with  complete  continuity  through 
the  San  Gorgonio  Pass  area  to  the  east  of  the  site,  and  it  seems  likely  that 
a  great  earthquake  in  this  region  will  be  characterized  by  a  certain  amount 
of  pervasive  "shattering"  of  the  southeastern  San  Bernardino  mountain  block, 
although  predominantly  along  pre-existing  faults  and  fractures. 

A  very  recent  and  intriguing  argument  by  Weldon  and  Humphreys  (sub¬ 
mitted  for  publication)  and  Weldon  (1984)  proposes  that  the  relief  along  the 
south  face  of  the  San  Bernardino  Mountains,  instead  of  being  caused  by  a 
vertical  component  of  displacement  on  the  San  Andreas  fsult,  is  caused  simply 
by  horizontal  slicing  apart  by  the  San  Andreas  fault  of  a  former  combined  San 
Bernardino-San  Gabriel  mountain  mass.  That  is,  the  north-facing  northern 
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escarpment  of  the  San  Gabriel  Mountains  is  visualized  as  formerly  juxtaposed 
against  the  south-facing  southern  escarpment  of  the  San  Bernardino  Mountains, 
so  that  subsequent  right-lateral  strike-slip  displacements  on  the  San  Andreas 
fault  have  simply  sliced  apart  the  two  halves  of  the  former  single  mountain 
mass  without  any  significant  vertical  components  of  displacement.  Supporting 
this  point  of  view,  according  to  Veldon  and  Humphreys,  is  the  absence  of 
evidence  for  current  horizontal  compression  across  the  San  Andreas  fault  in 
most  of  the  San  Bernardino-Cajon  Pass  area.  Vhile  I  agree  that  this  argument 
is  intriguing  and  probably  at  least  in  part  correct,  I  am  impressed  with  the 
northerly  dip  of  the  San  Andreas  fault  at  the  mouth  of  the  Santa  Ana  River 
Canyon,  and  I  feel  that  a  conservative  approach  demands  that  this  be  consid¬ 
ered  indicative  of  a  vertical  component  of  displacement.  Furthermore,  even 
Veldon  and  Humphreys  agree  that  considerable  current  compressive  stresses 
exist  in  the  San  Gorgonio  Pass  area  to  the  southeast,  where  the  fault  traces 
are  more  complicated  and  where  numerous  active  thrust  faults  are  demonstrably 
present  (Allen,  1957),  and  the  Santa  Ana  Canyon  area  is  sufficiently  close  to 
this  area  that  it  must  share  some  of  this  same  complex  stress  system. 

With  these  factors  in  mind,  I  recommend  designing  the  Upper  Santa  Ana 
River  Dam  on  the  assumption  that  as  much  as  4  feet  of  surficial  fault  dis¬ 
placement  in  any  direction  could  take  place  arbitrarily  beneath  the  facility, 
albeit  as  an  exceedingly  unlikely  "maximum  credible"  event,  and  assuming 
about  300  feet  of  depth  of  permanent  water  storage.  If  the  reservoir  were 
instead  to  be  nearly  empty  much  of  the  time,  a  less  conservative  figure  could 
perhaps  be  used.  And  if  one  could  demonstrate  that  the  local  bedrock  was 
completely  unfractured,  or  that  unbroken  Pleistocene  terraces  covered  the 
entire  site  area,  this  degree  of  conservatism  might  not  be  necessary,  but 
such  is  not  the  case.  As  was  recommended  for  the  Mentone  damsite  (Allen, 
1981),  the  specified  fault  displacement  does  not  have  to  be  assumed  to  pass 
directly  through  every  localized  structure  of  the  dam  (e.g.,  a  spillway 
gate),  but  the  basic  integrity  of  the  embankment  and  long  tunnels — if  criti¬ 
cal  to  public  safety — should  be  assured  with  this  possible  arbitrary  dis¬ 
placement  in  mind. 

In  order  to  complete  the  initial  seismic-safety  analysis  of  the  Upper 
Santa  Ana  River  damsite,  it  is  my  opinion  that  several  additional  tasks 
should  be  undertaken  by  your  staff: 

(1)  A  high-quality  geologic  map  of  the  entire  reservoir  area  at  1:24,000 
scale,  emphasizing  neotectonic  relationships,  should  be  produced,  utilizing 
existing  mapping  but  also  undoubtedly  requiring  further  field  studies  of  your 
own  or  under  contract.  This  is  not  a  small  task,  but,  in  my  opinion,  exper¬ 
ience  at  other  reservoir  sites,  such  as  that  at  Auburn,  demonstrates  the 
wisdom  of  gaining  a  thorough  understanding  of  the  geological  environment  at 
an  early  stage  in  the  project. 

(2)  As  I  mentioned  to  Mr.  Lukesh  in  the  field,  it  is  essential  that 
vertical  aerial  photographic  coverage  be  obtained  of  the  entire  reservoir 
area  for  use  in  these  studies.  (Adequate  coverage  undoubtedly  already  exists 
at  scales  of  about  1:20,000  and  vill  not  necessarily  require  a  new  flight 
contract.)  Perhaps  this  has  been  accomplished  since  the  time  of  my  visit. 

(3)  A  special  investigation  of  the  'Subsidiary  fault”  on  the  vest  wall  of 
the  Santa  Ana  River  Canyon  should  be  undertaken  to  document  the  apparent 
truncation  of  the  fault  by  Pleistocene  terrace  gravels.  This  might  require 
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•one  cleaning  of  the  contact,  but  the  expoaure  looka  relatively  good  already, 
at  leaat  from  a  distance. 

(4)  The  suggested  inactivity  of  the  Mill  Creek  fault  should  also  be  the 
subject  of  a  special  field  study,  again  involving  relationships  with  terrace 
gravels.  Since  the  Mill  Creek  fault  is  of  sone  length,  this  study  should 
include  investigations  of  the  fault  outside  of  the  immediate  reservoir  area 
as  well  as  within  it.  I  wouldn't  be  too  hasty  in  accepting  the  conclusion 
that  the  Mill  Creek  fault  is  inactive.  Although,  as  stated  above,  the  degree 
of  activity  of  the  Mill  Creek  fault  is  a  somewhat  academic  question  in  terms 
of  the  actual  dam  design,  it  is  essential  to  have  a  thorough  understanding  of 
the  tectonics  of  the  reservoir  area,  and  this  fault  is  a  key  element  within 
that  tectonic  pattern. 

(5)  Consideration  should  be  given  to  increasing  the  seismographic  coverage 
in  the  area.  The  nearest  telemetered  station  of  the  USGS-Caltech  network  to 
the  site  is  currently  about  6  miles  south  at  Crafton  Hills  (34°  02.11'  N, 

117°  06.66'  W).  Ocher  nearby  stations  are  at  Mill  Creek,  about  10  miles  east 
(34s  03.48'  H,  116'  56.18'  W),  and  at  Butler  Peak,  about  11  miles  north  (34° 
15.43'  N,  117°  00.29'  N).  The  nearest  station  to  the  west  or  northwest  is  at 
Cedar  Springs  Dam,  more  than  19  miles  away.  Certainly  several  years  before 
construction  starts,  one  or  more  telemetered  stations  should  be  established 
in  the  immediate  reservoir  area. 

(6)  Although  Ray  Heldon,  the  Caltech  graduate  student  who  has  been  carry¬ 
ing  out  field  work  in  this  area,  is  now  committed  to  the  D.  S.  Ceological 
Survey  and  therefore  apparently  cannot  formally  consult  for  the  Corps  of 
Engineers,  I  urge  that  you  communicate  with  him  about  his  ideas  on  the 
structure  and  geomorphology  of  the  region.  Since  these  studies  were  a  part 
of  his  Ph.D.  thesis  at  Caltech,  he  should  have  no  hesitation  in  talking  about 
them. 


V«fey  truly  yours , 


Clarence  R.  Allen 


cc:  Mr.  David  Lukesh 
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I.  Introduction  and  Scope  of  Work 

An  assessment  is  now  underway  of  alternatives  for  Upper  Santa 
Ana  River  flood  storage  by  the  U.S.  Army  Corps  of  Engineers,  Los  Angeles 
District.  An  important  part  of  this  study  is  a  quantitative  estimation 
of  geotechnical  parameters  required  for  the  seismic  evaluation  of  the 
foundation  for  either  an  earthfill  embankment  dam  or  a  roller  compacted 
concrete  dam  at  the  Seven  Oaks  Dam  site. 

This  dam  site  is  located  approximately  2  km  upstream  from  the 
mouth  of  Santa  Ana  River  Canyon  near  the  south  branch  of  the  San  Andreas 
fault.  According  to  the  Phase  1  Assessment  provided  by  the  Corps  of 
Engineers,  the  North  Branch  of  the  fault  crosses  the  reservoir  area 
about  1  km  upstream  from  the  proposed  dam  site.  The  rock  wedge  between 
the  two  branches  of  the  San  Andreas  fault  in  this  vicinity  is  composed 
of  Pre-Cambrian  gneiss  and  Cretaceous  diorite.  The  rock  is  often  highly 
sheared  and  fractured  coves  from  exploratory  holes  indicate  that  the 
rock  is  fractured  to  depths  of  several  hundred  feet,  with  evidence  from 
thin  clay  gouge  slickenslides  of  movement  by  fault  slip.  At  the  dam 
site,  the  Santa  Ana  River  has  eroded  a  symmetric  canyon  into  the 
fractured  and  weathered  bedrock. 

As  requested,  this  report  addresses  the  following 
seismological  questions. 

A.  Provision  of  seismic  parameters  for  design  of  a  zoned 
earth-rock-filled  embankment  dam  at  the  subject  site  including  the 
following: 

1.  Properties  of  the  seismic  fault  sources 

2.  Distances  between  seismic  sources  and  the  dam  site 
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3.  Earthquake  activity  rate 

a.  Recurrence  interval 

4.  Definition  of  the  maximum  credible  earthquake 

a.  Magnitude  and  seismic  moment 

b.  Intensity  and  maximum  ground  acceleration,  velocity 
and  displacement  at  the  site 

5.  Definition  of  the  maximum  probable  earthquake 

a.  Magnitude  and  seismic  moment 

b.  Intensity  characteristics  such  as  maximum  ground 
acceleration,  velocity,  and  displacement  at  the  site 

6.  Acceleration  time  history 

7.  Bracketed  duration  above  0.05g 

8.  Predominant  period 

Provision  of  any  differing  seismic  parameters  from  Case  A  for 
design  of  roller  compacted  concrete  dam  at  this  site. 

Provision  of  comments  on  the  proposed  design  measures  (joint 
spacing  and  separation  at  the  foundation  contact),  addressing 
the  postulated  4-foot  displacement  in  the  foundation  and 
abutments  of  the  roller  compacted  concrete  dam. 
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II.  Seismicity  and  Active  Fault  Information 


The  seismicity  of  this  area  near  the  San  Bernardino  Mountains 
(between  the  San  Andreas,  San  Jacinto  and  Banning  faults)  has  been 
summarized  in  the  Phase  I  Assessment  (D-14  to  D-16)  provided  by  the 
Corps  of  Engineers  (31  December,  1986).  Earthquake  occurrence  has  also 
been  addressed  in  an  attachment  by  Clarence  R.  Allen  (Letter 
12/8/1984).  Historically,  and  at  present,  the  area  has  been  the  site  of 
numerous  small  to  moderate  earthquakes  (see  Figure  7,  Ziony,  1985)  with 
the  largest  within  15  km  of  the  site  being  a  1935  earthquake  of 
magnitude  5.1,  perhaps  caused  by  slip  near  the  Mill  Creek  fault. 

Although  no  great  earthquakes  have  occurred  in  historical  times  from 
seismic  sources  near  the  San  Bernardino  Mountains,  the  geodetic  , 
geological  and  seismological  evidence  together  is  quite  convincing  that 
earthquakes  with  magnitudes  up  to  8+  could  be  produced  by  elastic 
rebound  of  long  sections  of  the  major  faults  in  the  area. 

Specifically,  the  site  lies  between  the  North  Branch  and  the 
South  Branch  (San  Bernardino  segment)  of  the  San  Andreas  fault.  The 
Phase  I  Assessment  quotes  recent  geological  studies  that  it  is  likely 
that  the  presently  active  trace  is  the  South  Branch  (about  2  km  from  the 
site).  Professor  Allen  has  discussed  the  evidence  for  Quaternary  slip 
on  the  North  Branch  (Mill  Creek  fault),  located  about  1  km  from  the 
site.  It  is  clear  that  the  assessment  of  seismic  intensity  for  dam 
design  purposes  would  not  differ  for  major  fault  slip  on  either  Branch; 
for  a  magnitude  8+  earthquake  the  dam,  site  is  in  the  near  seismic  field 
of  either  fault  source. 
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III.  Definition  of  Seismic  Sources 

As  discussed  in  the  last  section,  given  the  tectonic  and 
seismic  history  of  the  area,  the  maximum  credible  earthquake  for  this 
site  is  one  similar  to  the  1857  Fort  Tejon  earthquake  on  the  southern 
San  Andreas  fault  and  the  1906  earthquake  on  the  northern  San  Andreas 
fault.  Such  earthquakes  are  produced  by  long  fault  rupture  (up  to  430 
km)  with  offsets  of  many  meters,  mainly  in  a  right-lateral  strike-slip 
sense.  The  magnitude  of  the  1906  earthquake  was  Mg  =  8.25  as  measured 
by  seismographs  recording  in  Europe. 

A  statistical  estimate  based  on  recorded  seismicity  for  the 
recurrence  time  of  the  "maximum  credible  earthquake"  is  not  feasible 
because  of  the  short  historical  interval  (going  back  approximately  to 
1800).  A  useful  estimate  can,  however,  be  obtained  from  the  newly 
developed  geomorphological  and  stratigraphic  methods  of  inferring 
average  time  between  major  earthquakes  produced  by  slip  on  the  San 
Andreas  fault.  The  evidence  acquired  by  G.  Sieh  (1978)  in  the  Pallet 
Creek  area  north  of  this  site  indicates  that  there  is  a  recurrence 
interval  of  130  to  150  years  between  earthquakes  large  enough  to  cause 
liquefaction  of  sand  and  peat  layers  in  that  area.  The  main  uncertainty 
is  in  the  magnitude  associated  with  each  event  and  not  all  the 
earthquakes  in  the  set  treated  by  Sieh  might  reach  magnitudes  in  excess 
of  8.  Nevertheless,  a  value  of  150  years  is  clearly  appropriate  as  an 
interoccurrence  time  for  an  8+  earthquake  that  would  be  produced  by 
major  slip  of  one  or  other  branch  of  the  San  Andreas  fault  near  the  dam 
site.  Because  no  such  earthquake  has  occurred  for  almost  200  years  it 
must  be  regarded  as  a  likely  event. 
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The  estimation  of  a  "maximum  probable  earthquake"  is  less 

straight-forward  than  that  of  the  "maximum  credible  earthquake"  because, 

as  mentioned  above,  the  time  series  of  recorded  earthquakes  in  the  area 

is  short.  My  approach  to  the  problem  is  to  consider  a  reasonable  life 

expectancy  for  the  dam  structure  and  consider  the  greatest  earthquake  to 

likely  occur  within  this  time.  A  reasonable  project  operation  interval 

is  50  years,  say.  As  pointed  out  in  the  Phase  I  Assessment  (p.  D-64), 

various  realistic  published  earthquake  recurrence  models  predict  that  a 

8+  magnitude  event  is  "overdue"  along  the  southern  San  Andreas  fault. 

Thus,  in  terms  of  a  50  year  time  window,  the  maximum  credible  earthquake 

is  also  close  in  size  to  the  maximum  probable  earthquake  in  this  case. 

The  seismic  moment  of  such  an  earthquake  is,  from  measurements  in 

28 

similar  cases  elsewhere,  about  10  dyne-cm. 

The  above  argument  is  supported  by  work  by  U.S.G.S.  in 
Southern  California  (Ziony,  p.  80,  1985).  The  published  conclusion  is 
"the  probability  of  occurrence  of  1857-type  earthquakes  along  the 
(southern  San  Andreas)  fault  is  currently  estimated  to  be  about  1 
percent  per  year  but  about  40  percent  within  the  next  30  years.  Thus  an 
earthquake  of  Mg  =  8  appears  credible  for  ordinary  planning  and  design 
purposes" . 

It  is  not  necessary,  however,  for  the  main  release  of  seismic 
energy  from  the  fault  dislocation  to  be  produced  at  the  nearest  part  of 
the  San  Andreas  fault  to  the  site.  A  more  probable  distance  is  20  km 
(see  Table  1). 
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IV.  Esftmation  of  Ground  Motion  Parameters 

A.  Zoned  Earth-Rockf ill  Embankment  Dam 

In  the  previous  section,  the  maximum  credible  earthquake  was  defined 
as  -a  magnitude  8+  event  produced  by  extensive  right-lateral  rupture  of  the 
nearby  San  Andreas  fault.  Surface  fault  ruptures  involving  elastic  rebound 
or  fault  fling  could  occur  within  2  km  of  the  dam  site  in  such  a  major 
dislocation.  By  extrapolation  from  similar  major  earthquakes  such  as  the 
1906  San  Francisco  earthquake,  the  major  rupture  may  extend  for  over  200  km 
with  horizontal  surface  offsets  of  up  to  5  meters  along  the  main  fault  trace. 
Given  this  seJLsmic  source,  estimation  of  the  strong  ground  intensity  at  the 
Seven  Oaks  dam  site  must  proceed  by  extrapolation  using  seismological  theory 
and  ground  motion  measurements  obtained  by  accelerographs  in  similar  source 
and  site  situations.  The  construction  is  not  direct  because  no  records  of 
strong  motion  have  yet  been  obtained  near  a  shallow  right  strike-slip 
faulting  producing  an  earthquake  with  a  magnitude  Mg  >  7.5. 

The  estimation  method  followed  here  to  compute  the  requisite  seismic 
intensity  parameters  and  an  appropriate  synthetic  strong  motion  accelero¬ 
gram  is  as  follows.  The  resulting  values  are  listed  in  Table  1.  First, 
the  peak  ground  acceleration  velocity  and  displacement  are  selected  from 
the  most  appropriate  recently  published  attenuation  curves  (e.g.  Joyner 
and  Boore,  1985,  Seed  and  Idriss,  1985,  Abrahamson  and  Bolt,  1982).  The 
magnitude  dependence  of  expected  peak  ground  parameters  very  near  to  the 
fault  source  is  not  well  known  because  of  lack  of  large-earthquake  data. 
Nevertheless,  the  limited  elastic  strength  and  rigidity  of  the  strained 
rocks  place  limitations  on  the  values  of  the  supremum  amplitudes  (i.e. 
peak  maxima  of  the  waves).  In  addition,  the  depth  of  the  slip 
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TABLE  1 


Estimated  (Mean)  Ground  Motion  Parameters  on  Rock  at  Site 


Max.  Credible  Earthquake  Max.  Probable  Earthquake 

(Adjacent  San  Andreas  fault)  (in  50  years) 


Source  Distance  to  Dam  Site  (km) 


(Surface  Rupture) 

2 

20 

Magnitude  (Mg) 

8+ 

7.5  -  8.0 

Seismic  Moment  (dyne-cm) 

00 

€M 

O 

io27 

Recurrence  Rate 

150  ±  30  years 

1  percent  chance 
per  year 

Peak  Horizontal  Acceleration 

0.70g 

0.5g 

Peak  Horizontal  Velocity  (cm/sec) 

90-105 

70-80 

Peak  Horizontal  Displacement 
(cm) 

50-80 

40-70 

Bracketed  Duration  at  0.5g 
(sec) 

40-50 

35 

Predominant  Period  in  ground 

0.2-10.0 

0. 3-8.0 

velocity  (sec) 
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surface  where  most  seismic  energy  is  released  (below  about  5  km  in  the 
San  Andreas  case)  and  the  high  wave  attenuation  in  the  fractured  fault 
zone  place  a  bound  on  the  local  peak  accelerations.  Consultation  of 
empirical  attenuation  curves  which  extrapolate  to  higher  magnitude  suggest 
that  an  expected  peak  ground  acceleration  of  0.7g  is  an  appropriate 
estimate  in  the  present  case.  It  is  emphasized  that  the  value  is  a  mean 
value  at  a  rock  site.  The  effect  of  weathering  and  widespread  cracking 
of  the  rock  would  be  to  reduce  this  estimate  slightly.  Similar  correla¬ 
tions  give  peak  horizontal  velocities  of  the  ground  in  the  range  of  90-105 
cm/sec  and  peak  ground  displacements  of  50-80  cm.  Empirical  curves 
(Bolt,  1973)  for  the  bracketed  duration  of  shaking  above  an  acceleration 
of  0.05g  yield  an  interval  of  40-50  secs.  For  a  magnitude  8+  earthquake 
there  will  probably  be  a  persistent  train  (or  "coda")  of  long-period 
(greater  than  5  sec)  surface  waves  with  accelerations  below  0.05g. 

The  predominant  period  window  of  the  ground  motion  given  in  Table  1 
is  estimated  from  sets  of  amplitude  spectra  for  strong  ground  motions 
available  in  California  Strong  Motion  Instrumentation  Program  analyses  and 
other  literature  (e.g.  Seed  and  Idriss,  1982).  Both  Fourier  spectra  and 
response  spectra  (with  small  damping)  indicate  that  for  the  largest  earth¬ 
quakes  (Mg  >  7.0)  in  the  near  field,  maximum  velocity  ground  response  is  in 
the  range  0.2  to  10. 0  sec  (5  to  0.1  Hz)  for  (weathered)  rock  sites.  At 
longer  periods,  near  to  a  major  fault  rupture  some  enhancement  of  ground 
motions  is  expected  (see  discussion  Section  V). 

Finally,  parameters  are  also  given  in  Table  1  for  the  dam  site  in  the 
case  of  a  maximum  probable  earthquake  as  defined  in  an  earlier  section. 
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The  estimates  have  been  obtained  in  the  same  way  as  for  the  maximum 
credible  earthquake.  There  are  only  small  differences  in  values,  probably 
within  the  uncertainty  (as  measured  by  a  reasonable  standard  deviation) 
for  these  parameters.  The  differences  arise  from  adopting  a  greater 
distance  for  the  source-to-site  distance  and  a  smaller  seismic  moment. 

B.  Roller  Compacted  Concrete  Dam 

The  scope  of  work  specifies  that  consideration  be  given  to  any 
differences  in  ground  motion  that  should  be  considered  for  construction  of 
a  dam  of  the  above  type  compared  with  construction  of  an  earth  rock-fill 
dam. 

The  strong  ground  shaking  parameters  estimated  for  the  latter  in  IV-A 
above  (see  Table  1)  were  derived  using  field  measurements  from  strong 
motion  accelerometers  for  a  rock  site  at  an  appropriate  source-site  distance. 
The  values  are  independent  of  the  type  of  engineering  structure  being 
considered.  In  particular,  occurrence  rate  and  size  for  both  the  maximum 
credible  and  maximum  probable  earthquakes  are  the  same  for  the  two  types 
of  dam  being  contemplated  for  Seven  Oaks  Dam. 

Similarly,  the  ground  motion  intensity  parameters  were  estimated  from 
regressions  of  observed  values,  conditioned  on  appropriate  ranges.  In 
applications  to  design  considerations,  however,  differences  might  arise 
due  to  different  methods  of  structural  analysis.  The  frequency  range  of 
the  Input  motions  must  be  appropriately  broad  to  accommodate  the  full 
modal  response  of  both  types  of  dam.  The  peak  parameter  values  given  in 
Table  1  apply  to  waves  in  the  range  5-10  Hz  which  is  normal  for  scaling 
time  histories  and  response  spectra.  Similarly,  the  bracketed  duration 
applies  to  a  spectral  window  with  an  upper  bound  of  about  10  Hz. 
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Attention  oust  also  be  given  to  the  frequency  range  of  uniform  spectral 
power  (wave  amplitude  squared)  in  time  histories  adopted  for  design 
purposes.  This  spectral  uniformity  is  provided  in  the  synthetic  accelero¬ 
gram  provided  in  the  next  section.  With  this  proviso,  there  appears  to  be 
no  reason  to  modify  the  values  in  Table  1  for  application  to  a  roller- 
compacted  concrete  dam. 
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V.  Synthetic  Ground  Acceleration  Time-History 

Because  no  field  recordings  In  the  near  field  of  a  M  »  8+  strike-slip 

s 

shallow-focus  earthquake  exist,  a  synthetic  accelerogram  must  be  constructed 
which  is  consistent  with  seismological  theory  of  the  appropriate  source 
mechanism  and  propagation  path.  Kinematic  scaling  is  carried  out  on  ground 
acceleration,  velocity  and  displacement  and  spectral  content  by  extrapola¬ 
tion  from  a  selected  set  of  smaller  earthquake  recordings. 

Several  seismological  aspects  of  the  ground  motion  can  be  set  down  as 
criteria.  First,  the  earliest  part  of  the  shaking  consists  mainly  of  P 
and  back-scattered  S  waves.  The  requirement  that  the  source  produce  the 
postulated  maximum  credible  earthquake  at  the  site  suggests  that  the  inter¬ 
val  between  the  S  and  P  onsets  be  from  3  to  5  secs  (i.e.  the  focus  no 
more  than  25  km  away).  Secondly,  because  the  site  is  close  to  the  re¬ 
bounding  fault,  the  ground  motion  should  contain  a  pulse  at  about  the 
time  of  the  major  S  wave  arrival  that  models  the  fling  of  the  fault  as  the 
rupture  goes  by  the  site.  This  longer  period  fling  is  of  importance  in 
a  number  of  engineering  contexts.  A  displacement  SH  pulse  with  periods  of 
several  seconds  will  propagate  outwards  and  although  net  necessarily  having 
the  largest  acceleration  in  the  wave  train,  it  may  be  associated  with  the 
greatest  kinetic  energy.  For  example,  from  studies  of  the  damaged  Olive 
View  Hospital  in  the  1971  San  Fernando  earthquake  (Bertero  et  al.,  1978), 
failures  in  that  structure  apparently  occurred  during  such  a  long  duration 
pulse.  It  is  now  regarded  as  good  practice  to  include  in  the  appropriate 
portion  of  the  near  source  record  such  longer  period  pulses  to  ensure 
that  the  longer  period  responses  of  a  structure  are  realistic. 
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Further,  in  developing  a  synthetic  time-history  appropriate  for  this 
near-field  site,  there  must  be  realistic  constraints  on  the  spectral  com¬ 
ponents  of  the  motion.  This  problem  is  treated  by  comparing  pseudo¬ 
relative  velocity  spectra  from  seismic  ground  motions  previously  observed 
with  that  calculated  for  the  synthetic  record.  The  seismological  proviso 
is  however,  that  the  synthetic  record  should  have  a  response  spectrum  with 
somewhat  higher  spectral  amplitudes  in  the  long  period  range  because  of 
the  longer  fault  slips  and  rise  times  associated  with  large  magnitude 
earthquakes . 

Few  records  which  meet  the  above  criteria  are  available  in  the  pub¬ 
lished  literature.  The  time  history  recommended  as  appropriate  for  the 
maximum  credible  earthquake  is  shown  in  Figure  1.  It  was  numerically 
constructed  by  the  method  of  Fourier  decomposition  (see  Bolt,  1981),  first 
for  a  major  strike-slip  earthquake  on  the  Hayward  fault,  and  later  substan¬ 
tially  modified  (in  conjunction  with  Dr.  J.  Valera  of  Earth  Sciences 
Associates  for  a  study  by  the  City  of  San  Francisco)  for  the  near  field 
a  magnitude  8+  earthquake  produced  by  rupture  of  the  San  Andreas  fault 
in  central  California. 

Figure  1  shows  the  horizontal  component  seismograms  for  acceleration, 
velocity  and  acceleration  as  scaled  to  satisfy  the  site-specific  parameters 
of  Table  1.  The  S  minus  P  interval  is  appropriate  for  rupture  commencing 
near  to  the  dam  site  and  a  pulse-like  displacement  is  incorporated  in 
the  first  S  wave  packet.  Longer  period  surface  waves  are  contained  in  the 
coda  and  the  most  important  62  sec  of  shaking  are  provided. 

The  recommended  synthetic  time  history  has  been  checked  to  satisfy 
the  spectral  requirements  mentioned  above.  First,  the  Fourier  velocity 
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spectrum  shown  in  Figure  2  shows  a  shape  characteristic  of  many  ground 
motion  recorded  in  the  near  field  of  moderate  earthquakes.  There  are  no 
significant  fluctuations  or  peaks  or  troughs  in  the  velocity  amplitude 
spectrum.  Secondly,  the  normalized  response  spectrum  (5  percent  damping) 
for  the  recommended  time  history  falls  near  the  upper  envelope  of  spectral 
shapes  for  similar  curves  from  accelerograms  at  Taft,  Koyna  Dam  and  San 
Fernando  (rock  sites)  and  Imperial  Valley  (deep  alluvium)  -  all  smaller 
magnitude  earthquakes.  It  is  comparable  with  the  spectral  shape  of  the 
synthetic  seismogram  called  Cal.  Tech.  Al. 

The  digital  data  for  the  accelerogram  in  Figure  1  are  provided  on  a 
floppy  disk.  The  peak  digital  value  on  the  disk  is  normalized  to  unity 
(0.997)  and  requires  scaling  to  0.70  for  input  application  in  this  case. 


VI.  Effect  of  Nearby  Significant  Displacements 

I  am  in  general  agreement  with  the  definition  and  analysis  of 
the  probable  occurrence  and  effects  of  significant  fault  displacements 
near  to  the  dam,  as  set  out  in  the  Phase  I  Assessment  (1986).  In  his 
consideration  of  the  range  of  displacements  that  are  credible  on  various 
components  of  the  San  Andreas  fault  system  in  the  vicinity  of  the  Seven 
Oaks  Dam  site.  Professor  Clarence  Allen  (Letter  12/8/1984)  recommends 
the  adoption  of  the  assumptions  that  "as  much  as  4  feet  of  surficial 
fault  displacement  in  any  direction  could  take  place,  arbitrarily 
beneath  the  facility".  The  estimation  of  such  displacements  comes  from 
field  observations  after  previous  large  earthquakes  associated  with 
surface  fault  slip  and  from  geomorphological  and  stratigraphic 
measurements  along  active  faults  (e.g.  Bonilla,  1970;  Sieh,  1978).  A 
geotechnical  case  history  of  relevance  in  the  present  consideration  is 
that  of  the  proposed  Auburn  Dam  the  Sierra  Nevada  foothills  in  Northern 
California.  Several  geotechnical  groups  undertook  extensive  field  work 
and  evaluations  of  possible  fault  slip  (e.g  Idriss  et  al,  1977)  that 
might  occur  near  the  site  of  the  Auburn  Dam.  I  was  involved  in  the 
review  of  these  studies. 

My  own  evaluation  would  be  that  in  the  absence  of  any  major 
active  faults  under  the  dam  foundation  or  abutments  it  is  perhaps  more 
appropriate  to  consider  the  strain  effects  at  the  dam  of  4  feet  of 
displacement  (or  more)  located  on  the  nearby  San  Andreas  fault  planes. 
These  effects  would  most  likely  be  differential  deformations  and  slips 
throughout  the  crustal  volume  adjacent  to  the  fault,  including  shears 
along  zones  of  weakness  at  the  site. 
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Displacements  would  be  carried  from  depth  in  the  brittle  rock 
up  through  the  weaker  (weathered)  surficial  materials.  Variations  in 
the  strength  and  continuity  of  surface  rock  formations  causing  the 
strain  dispersal  by  the  shearing  and  cracking  of  rocks  and  finite  slips 
over  many  joints  and  planes  are,  of  course,  unknown  in  detail  so  that 
prediction  must  be  on  the  conservative  side. 

It  might  be  expected,  as  pointed  out  in  the  Phase  I  Assessment 
(p.  8),  that  both  horizontal  and  vertical  displacements  of  the  rock 
foundations  under  the  dam  could  be  accommodated  by  a  multitude  of 
adjustments  within  an  earth-rock  fill  dam  because  of  its  low  continuous 
rigidity  and  ability  to  deform  differentially. 

The  measures  for  the  design  of  a  roller  compacted  concrete  dam 
outlined  in  the  Phase  I  Assessment  (p.  19-21)  to  mitigate  the  effects  of 
local  elastic  strain  release  indicate  that  engineering  response  to  the 
problem  is  not  completely  infeasible.  Because  my  own  training  is  in 
applied  mechanics  and  seismology  rather  than  engineering  I  confine  my 
response  for  comments  on  this  design  question  largely  to  the  general 
discussion  above.  With  respect,  however,  to  the  models  of  deformation 
shown  in  Plate  6  of  the  Phase  I  Assessment,  I  stress  again  that,  for  the 
Seven  Oaks  damsite,  the  hazard  is  not  likely  to  be  a  single  major  fault 
slip  under  the  dam,  as  shown  in  the  "worst  case"  sketches,  but  rather 
tensions  and  compressions  due  to  the  integrated  displacements  across 
the  structure.  Thus  the  close  spacing  of  transverse  vertical  joints 
across  the  dam  axis,  designed  to  accommodate  up  to  4  feet  of  movement  in 
any  direction,  overall  might  provide  adequate  response.  The  detail  of 
faulting  in  the  exposed  foundation  rock  after  the  excavation  would  be 
the  crucial  factor  in  further  evaluation  of  this  question. 
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Woodward-Clyde  Consultants,  Logs  of  Borings 
and  Reports  on  Aquifer  Test  and  Geophysical  Investigations 


Woodward-Clyde  Consultants 


203  North  Golden  Circle  Drive 
Santa  Ana.  CA  92705 
(714)  835-6886 
(213)  581-7154 
Telex  66-3420 


7  December  1984 
Project  No.  41745C 


Mr.  C.  Byron  Rathburn 
U.S.  Army  Corps  of  Engineers 
300  North  Los  Angeles  Street 
Los  Angeles.  California  90012 

SUBJECT:  AQUIFER  TEST 
UffiPrSarl*  MEliPPONB  DAM 

e.yftr  SAN  BERNARDINO  COUNTY,  CALIFORNIA 

Dear  Mr.  Rathburn: 

This  letter  presents  the  results  of 
Consultants  aquifer  test  at  the  site  of  the 
Dam  in  San  Bernardino  County,  California, 
was  performed  during  the  period  7  November  through  10 
November  1984  at  the  site  using  a  10-inch  diameter  pumping 
well  and  six  observation  wells  ranging  from  15  to  428  feet 
radial  distance  from  the  puming  well.  The  pumping  test 
included  a  rest  period  prior  to  pumping  to  establish  static 
water  levels  in  the  vicinity  of  the  pumping  well,  a  pumping 
period  during  which  the  pumping  well  was  operated  at  a  rate 
of  870  gallons  per  minute,  average,  and  a  recovery  period 
following  pumping  during  which  the  recovery  of  water  levels 
in  all  wells  were  measured.  Water  levels  were  measured  in 
all  wells  during  the  entire  test  by  Woodward-Clyde  engineers 
and  geologists  under  the  supervision  of  a  Certified 
Engineering  Geologist.  This  letter  report  summarizes  the 
results  of  analysis  of  data  obtained  during  that  test. 

The  aquifer  is  the  saturated  alluvium  in  this  portion  of  the 
Santa  Ana  River  bed.  The  river  is  in  a  youthful  valley, 
with  steep  bedrock  sides.  Static,  non-pumping  water  level 
depths  in  the  vicinity  of  the  pumping  well  are  approximately 
12  feet,  and  depth  to  the  base  of  the  alluvium  is 
approximately  75  to  85  feet  in  this  vicinity.  The  aquifer 
thickness  varies  from  about  50  to  70  feet  and  averages  about 
65  feet  in  the  vicinity  of  the  aquifer  test  wells.  The 
alluvium  consists  of  medium  to  coarse  sand  and  gravel  with 
abundant  cobbles  and  boulders.  The  river  occurs  at  about 
150  feet  from  the  pumping  well  and  at  the  time  of  the  test 
the  river  was  flowing.  The  granite  bedrock  at  the  sides  of 
the  alluvial  channel  act  as  impermeable  boundaries  to  the 
unconfined  alluvial  aquifer. 
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The  impermeable  boundaries  bordering  the  aquifer  in  the 
vicinity  of  the  pumping  test  showed  up  clearly  in  the  test 
data  as  shown  in  the  attached  field  calculation  and  plotting 
sheets.  The  test  data  (well  readings  and  time)  are  also 
attached.  The  rate  of  change  of  drawdown  versus  the 
logrithra  of  time  since  pumping  began,  and  recovery  versus 
the  logrithm  of  time  since  pumping  ceased,  showed  an  initial 
slope  representative  of  the  aquifer  before  boundary  effects, 
an  intermediate  slope  representative  of  the  effects  of  the 
nearest  boundary,  and  a  later-time  slope  representative  of 
the  impact  of  boundaries  from  both  sides  of  the  channel. 
The  image-well  method  was  used  to  separate  the  effects  of 
boundary  conditions  from  the  time-drawdown  characteristics 
of  the  aquifer  itself.  In  addition,  a  distance-drawdown 
analysis  was  performed  which  helped  to  distinguish  the 
aquifer  characteristics  from  the  impact  of  the  boundaries. 

The  average  transmissivity  of  the  aquifer  was  calculated  to 
be  133,000  gallons  per  day  per  foot  (gpd/ft).  The  aquifer 
exhibited  a  storativity  of  0.015.  Although  the  data 
indicate  some  recharge  from  the  river  was  detected  in  the 
monitor  well  closest  to  the  river,  the  data  also  indicate 
that  the  effects  or  recharge  on  the  aquifer  test  were 
minimal,  and  were  insignificant  in  comparison  with  the 
effects  of  aquifer  boundaries.  Based  upon  the  range  of 
aquifer  thickness,  the  hydraulic  conductivity,  or 
permeability,  of  the  aquifer  ranges  from  about  1,900  gpd/sq 
ft  to  2,700  gpd/sq  ft.  The  average  permeability  is  about 
2,200  gpd/sq  ft,  or  about  0.10  cm/sec.  The  storativity 
value  of  0.015  is  in  the  range  expected  for  a  water  table 
aquifer,  but  is  approximately  an  order  of  magnitude  lower 
than  the  estimated  specific  yield  of  the  material.  This 
difference  is  characteristic  of  a  layered  aquifer  with 
horizontal  layers  varying  from  fine  to  coarse  material. 

Based  on  the  depositional  environment  of  the  alluvium,  the 
storativity  value  of  0.015  is  reasonable  and  is  considered 
representative  of  the  aquifer  in  this  area. 

The  following  summarizes  the  aquifer  characteristics  based 
on  the  data  available: 

Aquifer  Material  Coarse  Alluvium 

Thickness: 

Range  50  to  70  feet 

Average  65  feet 
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Transmissivity,  average 
Storativity 

Hydraulic  Conductivity, 
or  Permeability: 

Range 

Average 

(0.10  cm/sec) 


133,000  gpd/ft 
0.015 


1,900  to  2,700  gpd/sq  ft 
2,200  gpd/sq  ft 


We  trust  this  information  satisfies  your  needs.  If  you  have 
any  questions,  please  call. 


Very  truly  yours, 


WOODWARD-CLYDE  CONSULTANTS 


Allen  M.  Yoerman,  JtU 
Project  Engineer  ” 
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14  January  1985 
Project  No.  41745C 


Mr.  C.  Byran  Rathburn 
U.S.  Army  Corps  of  Engineers 
300  North  Los  Angeles  Street 
Los  Angeles,  California  90012 

SUBJECT:  GEOPHYSICAL  INVESTIGATION 
UPPER  SANTA  ANA  CANYON 
SAN  BERNARDINO,  CALIFORNIA 

Dear  Mr.  Rathburn: 

1.0  GEOPHYSICAL  MEASUREMENTS 

1.1  Introduction 


This  letter  presents  Woodward-Clyde  Consultants'  (WCC) 
seismic  crosshole  and  downhole  measurements  at  the  upper 
Santa  Ana  Canyon  Dam  site,  San  Bernardino  County,  California 
during  November  and  December  1984.  The  purpose  of  the 
geophysical  survey  was  to  evaluate  compressional  and  shear 
wave  velocities  in  the  subsurface  soils. 

The  scope  of  testing  was  determined  by  the  Los  Angeles 
District,  Corps  of  Engineers.  The  measurement  program 
consisted  of  three  downhole  tests  and  three  crosshole  tests 
each  at  five-foot  intervals.  The  locations  of  the  test 
holes  are  shown  in  Figure  1. 

This  report  describes  the  field  operations  and  presents  the 
compressional  and  shear  wave  velocities  as  interpreted  from 
the  field  records. 

1 . 2  Field  Operations 

1.2.1  Crosshole  Measurements 

Crosshole  shear  wave  velocity  measurements  were  obtained  in 
three  sets  of  three  borings:  Borings  1,  2,  and  3  (Figure 
2);  Borings  5,  6,  and  7  (Figure  3);  Borings  ?1,  12,  and  13 
(Figure  4).  Borings  were  cased  with  3-inch  ID  PVC  pipe  and 
the  annuli  backfilled  to  provide  acoustic  coupling  between 
the  shear  wave  hammer,  geophones,  and  surrounding  soils. 
The  hammer  was  placed  in  an  end  boring  within  each  set  of 
borings,  and  travel-time  measurements  were  made  at  five-foot 
intervals  to  the  depth  of  the  shallowest  boring  within  each 
set. 
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The  basic  field  technique  consists  of  measuring  the  time 
required  for  a  shear  (S)  wave  to  travel  from  a  borehole 
source  to  one  or  more  receivers  in  other  boreholes.  The 
source  and  receivers  are  located  at  the  same  elevation  at 
known  distances  from  each  other.  The  velocity  of  the  shear 
wave  (Vs)  is  calculated  from  the  time-distance 
relationships . 

The  instrumetation  used  in  the  crosshole  seismic  survey 
included  a  reversible  shear-wave  hammer,  two  4.5-Hz  downhole 
geophones,  and  a  Geometries  ES-1210F  signal-enhancement 
seismograph.  The  hammer  and  geophones  are  clamped  to  the 
borehole  walls  pnuematically .  A  Terraprobe  inclinometer  was 
used  to  evaluate  borehole  deviation. 

1.2.2  Downhole  Measurements 


Downhole  shear  wave  and  compressional  wave  velocity 
measurements  were  made  in  Borings  2,  5,  and  6  (Figures  5,  6, 
and  7,  respectively).  Measurements  were  made  at  five-foot 
intervals  from  the  surface  to  the  bottom  of  each  hole. 

The  basic  field  operation  consists  of  measuring  the  time 
needed  for  the  compressional  (P)  and  shear  (S)  waves  to 
travel  from  a  surface  source  to  a  receiver  at  a  known  depth 
in  the  borehole. 

The  instrumentation  used  in  the  downhole  seismic  surveys 
included  a  hammer  source,  a  triaxial  downhole  geophone,  and 
a  Geometries  ES-1210F  signal-enhancement  seismograph. 
Compressional  waves  are  generated  by  a  hammer  blow  to  the 
ground.  Shear  waves  were  generated  by  reversing  hammer 
blows  to  a  vane-type  shear  wave  bar  embedded  at  the  surface. 

1 . 2  Results 

The  velocity  and  time-distance  data  are  presented  in  Figures 
2  to  7  as  indicated  above.  Two  velocity  zones  may  be 
identified  on  the  basis  of  these  data:  surficial  low 
velocity  soils  about  twenty  feet  thick,  and  moderate 
velocity  river  gravels  to  the  base  of  the  borings. 

The  surficial  soils  shear  wave  velocities  average  750  fps 
(feet  per  second)  and  770  fps  respectively  for  the  downhole 
and  crosshole  data.  Compressional  wave  velocities  average 
1520  fps  for  the  shallow  soils  downhole  data.  Compressional 
wave  velocities  increase  downward  to  an  average  of  7500  fps 
due  to  water  saturation  of  the  river  gravels.  Shear  wave 
velocities  in  the  river  gravels  average  about  2000  fps  and 
1600  fps  respectively  for  the  downhole  and  crosshole  data. 
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The  difference  in  the  downhole  and  crosshole  shear  wave 
velocities  may  be  attributed  to  the  refraction  of  seismic 
waves  along  the  highest  velocity  pathways,  resulting  in 
artificially  high  values  in  the  downhole  measurement 
values.  Lateral  and  vertical  variations  in  gravel  and 
boulder  content  and  point-to-point  contact  cause  localized 
velocity  variations,  data  scatter,  and  poor  to  fair  data 
quality.  No  inclinometer  measurements  could  be  obtained  in 
the  Borings  5,  6,  and  7  data  set  (due  to  storm  damage), 

however  the  values  are  internally  consistent  and  interhole 
inclination  variations  were  insignificant  in  the  other  deep 
borings . 

We  trust  this  letter  provides  the  information  you  require  at 
this  time.  If  you  have  any  questions,  please  call. 

Very  truly  yours, 

WOODWARD-CLYDE  CONSULTANTS 

ML.  0! 

Allen  M.  Wurman  f  Ronald  L.  Mees 

Project  Engineer  y  Project  Geophysicist 

RCE  32364  GP  882 

AMY : RLM/ ea 
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Woodward- Clyde  Consultants 


203  Norfh  Ooioen  Orc'e  Dnve 
Sama  Ana  California  92705 
(714)835-6886  (213.  581-7164 
Te.e»  68-3420 


LETTER  OF  TRANSMITTAL 


TO:  U. S.  Army  Corps  of  Engineers  DATE:  8  January  1985 

300  North  Los  Angeles  Street  PROJECT  NO:  41745C _ 

Los  Angeles,  California  90012 

ATTENTION:  C.  Byran  Rathburn _ 

\Afftr  Sat 4a  Ana  l?lv?r 

SUBJECT  PROJECT:  Mentone  Dam _ 

IN  ANSWER  TO  YOUR  REQUEST  OF:  -- _ 

WE  ARE  TRANSMITTING:  (X)  HEREWITH  UNDER  SEPARATE  COVER 

THE  FOLLOWING:  Copies  of  the  logs  of  test  borings  and  site  plan 
and  keys  to  access  gates. 


FOR  YOUR:  APPROVAL  FILES 

COMMENTS  INFORMATION 

DISTRIBUTION  (X) USE 

R EMAR KS :  The  boring  locations  were  estimated  based  upon  angles 
taken  from  on-site  electrical  towers. 


PLEASE  NOTIFY  US  IF  ENCLOSURES  LISTED  ARE  NOT  RECEIVED. 


COPIES  TO: 


Consulting  Engineers.  Geologists 
and  Environmental  Scientists 

Offices  in  Other  Principal  Cities 


Very  truly  yours, 
WOODWARD-CLYDE  CONSULTANTS 
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ATTENTIONS  Mr.  David  W.  Lukesh 

SUBJECT:  Seismic  Refraction  Investigation  at  the  Proposed  Upper  Santa  Ana  Dam 

Site,  Santa  Ana  River,  Near  Redlands,  California 


Leighton  and  Associates,  Inc.  is  pleased  to  submit  our  report  describing  the  results  of  our 
seismic  refraction  survey  at  the  proposed  alternate  Upper  Santa  Ana  Dam  site,  Santa  Ana 
River,  near  Redlands,  California.  Four  seismic  refraction  lines  were  surveyed  for  the 
purpose  of  determining  the  depth  to  bedrock  beneath  the  alluvium  in  the  river  channel. 

The  bedrock  surface  beneath  the  river  channel  is  interpreted  from  three  seismic  lines  to 
have  a  generally  uniform  slope  toward  the  west  side  of  the  river  channel  where  the 
bedrock  appears  to  make  a  fairly  sharp  join  with  the  steep  canyon  wall.  Depth  to  bedrock 
beneath  the  alluvium  ranges  from  50  to  60  feet  near  the  east  side  of  the  channel  to  75  to 
100  feet  near  the  west  side.  The  fourth  seismic  line,  oriented  essentially  parallel  to  the 
river  channel,  indicates  a  gently  sloping  bedrock  surface  toward  the  mouth  of  the  river; 
depth  to  bedrock  below  this  line  ranges  from  70  to  80  feet. 


Accompanying  Maps  and  Illustrations 

Figure  I  -  Index  Map  -  Page  2 

Figure  2  -  Locations  of  Seismic  Lines  -  Rear  of  Text 

Figure  3  -  Seismic  Line  I  -  Rear  of  Text 

Figure  4  -  Seismic  Line  2  -  Rear  of  Text 

Figure  5  -  Seismic  Line  3  -  Rear  of  Text 

Figure  6  -  Seismic  Line  4  -  Rea-  of  Text 

Table  I  -  Summary  of  Geophysical  Interpretations  -  Page  4 
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Introduction 

A  seismic  refraction  investigation  was  conducted  at  a  proposed  site  for  the  Upper  Santo 
Ana  Dam  near  Redlands,  California  (Figure  I),  on  April  12  and  May  3,  1984.  The  pv-pose 
of  this  investigation  was  to  determine  the  depth  to  bedrock  beneath  the  alluvium  near  the 
mouth  of  the  Santa  Ana  River,  near  Redlands,  California.  A  letter  report  was  submitted 
previously  that  included  our  preliminary  interpretations  of  the  data  collected  on  April  12, 
1984  (Leighton  and  Associates,  April  16,  1984).  The  present  report  includes  our 
interpretations  of  the  May  3,  1984  investigation  and  incorporates  interpretations  from  our 
previous  survey. 


Field  Operations 

The  seismic  refraction  survey  consisted  of  three  lines  oriented  across  the  river  channel 
(Figure  2);  Lines  I  and  3  were  550  feet  long  and  Line  2  was  500  feet  long.  Line  4,  550  feet 
long,  was  oriented  within  and  essentially  parallel  to  the  river  channel  (Figure  2).  A 
GeoMe tries  Nimbus  Model  I2I0F  signal  enhancement  seismic  refraction/reflection 
seismograph  was  used  with  twelve  geophones  spaced  50  feet  apart.  At  some  geophone 
stations,  two  geophones  were  connected  in  parallel  to  increase  the  signal  to  noise  ratio 
and  to  improve  the  quality  of  the  field  data.  Energy  to  produce  compressional  seismic 
waves  was  generated  by  a  16-pound  sledge  hammer  striking  an  aluminum  plate  at  each 
end  and  at,  or  near,  the  center  of  all  survey  fines.  An  explosive  source  was  used  for 
in-line  offset  shots  for  the  survey  oriented  parallel  to  the  river.  Field  data  were  viewed 
in  the  field  on  a  CRT  display  to  determine  the  quality  of  the  data.  A  permanent  record  of 
the  data  was  produced  on  electrosensitive  paper  using  the  instrument's  oscillograph. 


interpretations 

Arrival  times  of  the  compressional  seismic  waves  at  the  geophones  from  the  energy 
source  were  determined  from  the  paper  record,  corrected  for  elevation,  and  analyzed  in 
the  office.  The  time-distance  graphs  for  the  four  survey  lines  are  shown  on  Figures  3 
through .  6;  the  geophysical  analysis  and  inferred  geological  interpretations  of  the 
geophysical  data  are  also  shown  on  these  figures. 

The  data  from  the  seismic  surveys  indicate  four  layers;  their  velocities  and  inferred 
geologic  interpretations  are  summarized  in  Table  I. 
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TABLE  I 

SUMMARY  OF  GEOPHYSICAL  INTERPRETATIONS 


Layer 

Velocity 

Range 

(ft/sec) 

Depth  to 
Base 
(ft) 

Thickness 

(ft) 

Inferred  Geoloaic  Interpretation 

1 

(a)  1,600-1,800 

(b)  3,200-4,000 

0-15 

0-30 

£8 

oo 

Unsaturated  alluvium;  higher  velocities 
may  be  caused  by  concentrations  of 
boulders. 

2 

2,500 

0-10 

0-10 

Talus,  colluvium,  or  debris  from  steep 
canyon  walls  on  west  side  of  canyon. 

3 

6,000-8,500 

50-100 

50-90 

Saturated  alluvium;  higher  velocities 
may  be  caused  by  concentrations  of 
boulders. 

4 

10,000-15,000 
average,  12,000 

■ 

Bedrock;  granite,  gneiss;  range  in 
velocity  results  primarily  from  sloping 
bedrock  surface  which  results  in  appar¬ 
ent  velocities. 

The  range  of  velocities  in  Layers  I  and  3,  unsaturated  and  saturated  alluvium,  respec¬ 
tively,  is  likely  to  be  caused  by  the  heterogeneous  character  of  these  materials.  The 
alluvium  contains  clastic  materials  ranging  in  size  from  sand  to  boulders.  Areas  where 
concentrations  of  sands  and  pebbles  occur  would  produce  relatively  low  velocities, 
whereas  concentrations  of  boulders  would  produce  higher  velocities.  This  is  consistent 
with  results  obtained  from  other  seismic  investigations  in  similar  geological  settings; 
however,  this  interpretation  is  not  a  unique  one.  The  velocities  obtained  during  this 
investigation  in  the  Santa  Ana  River  are  reasonable  and  are  comparable  to  those  we  have 
measured  in  similar  river  deposits  and  alluvial  fans. 

The  velocities  measured  at  the  top  of  Layer  4,  bedrock,  are  apparent  velocities.  Apparent 
velocities  differ  from  true  velocities  if  the  layers  are  not  horizontal.  However,  the  true 
velocity  of  the  bedrock  can  be  approximated  by  averaging  the  apparent  velocities 
obtained  from  the  shot  points  at  the  ends  of  the  line  and/or  from  the  in-line  offset  shot 
points. 

The  three  survey  lines  across  the  River  (Figures  3,  4  and  5)  are  interpreted  to  indicate 
that  in  these  areas,  the  bedrock  surface  has  a  generally  uniform  slope  toward  the  west 
side  of  the  channel.  Interpreted  depth  to  bedrock,  measured  at  the  cross-over  points  on 
the  time-distance  graphs,  ranges  from  50  to  60  feet  near  the  east  end  to  75  to  100  feet 
near  the  west  end  of  the  lines.  This  sloping  channel  bottom  appears  to  make  a  fairly  sharp 
join  with  the  steep  western  canyon  wall  (see  Figures  3  and  5).  A  "U-shaped"  bedrock 
surface  with  the  trough  of  the  "U"  in  the  center  of  the  channel  is  not  a  likely 
interpretation  based  on  the  available  seismic  data  because  the  data  do  not  indicate  the 
predicted  sharp  changes  in  velocity  across  the  channel.  The  survey  line  oriented 
essentially  parallel  to  the  channel  (Figure  6)  is  interpreted  as  showing  the  bedrock  surface 
with  a  gentle  slope  toward  the  southwest  (toward  the  mouth  of  the  river).  Depth  to 
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bedrock  ranges  from  70  to  80  feet  along  the  survey  line.  The  two  in-line  offset  shots 
were  valuable  in  verifying  the  velocity  of  the  bedrock  at  greater  than  10,000  ft/sec  and  in 
supporting  the  interpretation  that  the  6,000-8,500  ft/sec  velocity  is  saturated  alluvium 
composed  of  boulders  and  cobbles. 
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Project  No.  1840081-01,  dated  April  16,  1984. 
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Figure  3. 


Seismic  Line  1.  (a)  Time-distance  graph  of  corrected 

field  data,  (b)  Geophysical  interpretation  of  data. 

(c)  Inferred  geologic  interpretation  of  geophysical  data 


and  from  geologic  field  observation. 
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Figure  4.  Seismic  Line  2.  (a)  Time-distance  graph  of  corrected 

field  data,  (b)  Geophysical  interpretation  of  data. 

(c)  Inferred  geologic  interpretation  of  geophysical  data 
and  from  geologic  field  observation. 
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Figure  5.  Seismic  Line  3.  (a)  Time-distance  graph  of  corrected 

field  data;  velocities  in  feet/second,  (b)  Geophysical 
Interpretation  of  data;  velocities  in  feet/second. 

(c)  Inferred  geologic  Interpretation  of  geophysical 
data  and  from  geologic  observation. 
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REPORT 


OF 

SOIL  TESTS 


UPPER  SANTA  ANA  RIVER 
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AUTHORIZATION 


1.  Results  of  tests  reported  herein  were  requested  by  the  Los  Angeles 
District  in  laboratory  request  No.  E86-86-0066  dated  9  April  1985. 


SAMPLES 

2.  Four  disturbed  samples  in  steel  drums  were  received  on  28  March  1985. 
Identification  of  samples  is  on  the  Soil  Test  Result  Sunmary  Plate  1. 

TESTING  PROGRAM 

3.  The  program  was  in  accordance  with  the  test  request  and  included 
sieve  analyses,  specific  gravity,  triaxial  shear. 

TEST  METHODS 

4.  Grain-size  Analysis,  Triaxial  Compression,  Specific  Gravity.  Testing 
methods  conformed  to  the  procedures  described  in  Engineer  Manual, 

EM  1110-2-1906,  "Laboratory  Soil  Testing,"  30  November  1970. 

RESULTS 

5.  Results  of  tests  are  shown  on  the  following  plates: 

Subject  Plate  No. 
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AUTHORIZATION 

I-  Results  of  tests  reported  herein  were  requested  by  the  Los  Angeles 
District:  in  laboratory  request  No.  E86-8 5-0081  dated  3  June  1985. 

SAMPLES 

2.  Ten  disturbed  samples  contained  in  sacks  were  received  6  May  1985. 
Identification  of  sanples  is  shown  on  the  Soil  Test  Result  Surmary,  Plate  I. 

TESTING  PROGRAM 

3.  The  program  was  in  general  accordance  with  the  test  request,  and  in¬ 
cluded  sieve  analysis,  Atterberg  limits,  specific  gravity,  conpaction, 
consolidation,  permeability,  triaxial  shear,  direct  shear  and  dispersion 
tests. 


TEST  METHODS 

4.  a.  Grain-size  Analysis.  Atterberg  Limits.  Specific  Gravity,  Triaxial 
and  Direct  Shear,  Permeability,  Consolidation,  and  Compaction.  Testing 
conformed  to  the  procedures  described  in  Engineer  Manual,  EM  1110-2-1906, 
"Laboratory  Soil  Testing,"  30  November  1970. 

b.  Classification-  The  soil  was  classified  in  accordance  with  "The 
Unified  Soil  Class if ication  System,"  TM  No.  3-357,  Appendix  A,  April,  1960. 

c.  SCS  Laboratory  Dispersion  Test.  Test  procedures  conformed  to 
Appendix  A  of  "Piping  in  Earth  Dams  of  Dispersive  Clay, "  Sherard,  Decker 
and  Ryker. 


RESULTS 


5.  Results  of  tests  are  shown  below  and  on  the  following  plates: 


SUBJECT  PLATE  NO. 


Soil  Test  Result  Summary 

1 

Compaction  Test  Report 

2-6 

Direct  Shear  Test  Report 

7-11 

Triaxial  Compression  Test  Report 

12-17 

Permeability 

18-19 

Gradation  Curves  -  SCS  Dispersion  Test 

20-23 

Consolidation  Test  Report 

24-35 

COMMENTS 

6.  Dispersion  Testing.  Pinhole  test  was  attempted  but  could  not  be 
completed  because  of  collapse  of  the  pinhole  which  caused  a  blockage 
and  prevented  the  flow  of  water.  The  SCS  double  hydrometer  and  the 
crumb  tests  were  substituted  for  the  pinhole  test.  The  crumb  test  re¬ 
sults  showed  all  samples  to  be  nondispersive.  The  SCS  test  is  applicable 
only  to  samples  which  have  more  than  12 %  passing  the  0.005  rrm  size  and 
have  a  PI  greater  than  4.  Sample  92447  has  only  7.5%  passing  the  0.005  mm 
size.  The  percent  dispersion  ranges  are:  0-35%  Nondispersive:  35-50% 
Intermediate;  50-100%  Dispersive. 
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AUTHORIZATION 

1.  Results  of  tests  reported  herein  were  requested  by  the  Los  Angeles 
Olstrict  in  laboratory  request  No.  E-86-86-0095  dated  10  July  1986,  Change 
Order  No.  1  dated  30  July  1986. 

-SAMPLES 

2.  Eleven  disturbed  sacks  of  samples  were  received  on  19  May  1986. 
Identification  of  samples  Is  shown  on  the  Soil  Test  Result  simnary,  plates 
I  and  2. 


T6.SU.NQ.pRQgRA.Mg 

3.  The  program  was  In  general  accordance  with  the  test  request.  Tests 
Included  sieve  analysis,  Atterberg  limits,  specific  gravity,  triaxlal 
compression,  compaction,  consolidation,  and  permeability. 

TEST  HETHOPS 

4.  a.  Sieve  Analysis.  Atterberg  Limits.  Specific  Gravity.  Compaction*, 
Triaxlal  Compression.  Consolidation,  and  Permeability.  Test  methods 
conformed  to  the  procedure  described  in  Engineer  Manual,  EM  1110-2-1906. 
"Laboratory  Soli  Testing",  30  November  1970. 

b.  Classification.  The  soils  was  classified  In  accordance  with  "The 
Unified  Soil  Classification  System",  TM  3-357,  Appendix  A,  April  1980. 

RESULTS 

5.  Results  of  tests  are  shown  on  the  following  plates: 


SyfrJest 

Soil  Test  Result  Summary 

1-2 

Gradation  Curves 

3-7 

Compaction  Test  Report 
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Triaxlal  Compression  Test  Report 

12-14 
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15-49 
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mhiii’;.mhiiiiiiiiiiihiiiiiiiiiiihiiiiiiiiih 

mmhiiiiiimhiiiiiiiiiiihiiiiiiiiiiihiiiiiiiiin 

IBHBIIIIIIMHIIIIIIIIIIIHIIIIIIIIIIIHIIIIIIIIIII 

S«a»&WBIIIIIiaBBaHBIIIIIIIIIII^aillllllllllB«lBBIIIIIIIIIl| 

■aaaaaaiiniHiHiaiiiiiiiiimaiiiiiiiiiiiaBaaiiiiiiiiiil 

issnaniiiminTiiiiiiiiiimaiiiiiiiiimaiiiiiiiiiii 


■HS9IIIIII 


iiiiiiiiniiMaaiiiiiiiiiiaaaainiiiiiiil 


iMfi:9Mii:2»«aiiiiiiiiimaiiiiiiiiimaaiiiitiiiiil 
■■■■iiSM^aaiS2fiiiiiiiiiHaiiiiiiiiimaiiiiiiiiiii 
iiiifi::s>ii69i«aiiibii9iiiiHaiiiiiiiiiiiHaiiiiiiiiiii 
■aiiiiim^iiiiiiihiisviHiiiiiiimiiiiiin^ 


■■■iiiiii 

■■■iiiiii 

■■■iiiiii 

■■■inn 

■■■iiiiii 

■■■Hill 

■■■111111 

■■■IIIIII 

■■■IIIIII 

■■■IIIIII 

■■■IIIIII 

■■1111111 

■■■■111111 

■■■IIIIII 

l■■llllll 

■■■IIIIII 

■■■111111 

■■1111111 

l■lllllll 

111111111 


IMSil9lllll«Blftilllk«iiSC=9iPIIIII«E3lll 

■■■iikiiziKimiiiiiiiiiiMhiiiiiiiiiil 

■■■iiiiiihiimiiiiiiiiiiRHiiiiiiiiul 

l■■llllllllll■i£2^llllllll■■■llllllllll| 

l■■llllllllll■■■lli:!>MII■■■llllllllll| 

l■■llllllllll■■■llllllli:!n■■llllllllll| 

■■llllllll■l■■llllllllllltfSMIIIIfW?ll 

■■llllllllll■■■llllllllll■■lilii;;:^:ll| 

^■■lllll■llll■l■■lllllllll«■■lllll■lllll 

[■■IIIIIIIIIIHBIIIIIIIIIIIHBIIIIIIIIIIll 

■■llllllllll■■■llllllllll■■■llllllllll| 

■■llllllllll■■■llllllllll■■■■llllllllll| 

■■llllllllll■■lllllllllll■■■llllllllll| 

■■llllflllll■■■IIHIIIIII■■■lllllllllll 

!■■llllllllll■■■llllllllll■■lllllllllll| 


■■■■1111111111 

l■■llllllllll| 


IIIIIIIIIHBIIIIIIIIIIII 

iiiiiiiiiHaiiiiiiiiiiil 


■■■iiiiii 


■lllllllllll■■lllllllllll■■■llllllllll 

l■■llllllllll■■lllllllllll■■■llllllllll 

■■IIIIIIIIIIIHIIIIIIIIIIIIMIBIIIIIIIIIIll 

l■■^ll■l■lnl■■■■^^n■nll■■■■llllli■i■l 


0.1  0.2  0.5  1  2  5  10  20  SO  100  200  500  1000  2000 

TIME  IN  MINUTES 


PROJECT  Upper  Santa  Ana  River  Dam  Div.  No,  96586-96587  _ 


Impervious  Core  Motor  ini.  Blond  "A" 


&  6 


ENG  2088  ASEVo«soLtTEION*  CONSOLIDATION  TEST-TIME  CURVES  (tk  anslucint1 


PLATE  25 


TIME  IN  MINUTES 

0.1  0.2  0.5  1  2  5  10  20  SO  100  200  500  1000  2000 


(■■111111 
111111111 
■  ■1111111 
■  ■1111111 

■  ■■llllll 

■  ■1111111 

■  ■lllllll 

■  ■1111111 
■  ■1111111 

■  ■■llllll 
■■lllllll 

■  ■■llllll 

■  ■■llllll 
l■lllllll 
l■lllllll 
l■■llllll 

■  ■■llllll 
l■■llllll 
l■■llllll 
■■■llllll 
■■■111111 
■■■llllll 
l■■lll!ll 
■■■llllll 
■■■llllll 
■■■llllll 
■■■111111 


l■■llllllllll■■lllllllllll■■lllllllllll 

I■■IIIIIIIIII■■■IIIIIIIIII■■II^''I77;1I 

l■llllllllll^■■lllllllllll■■lllllll’<ll 

l■lllllllllll■■lllllllllll■■■lllll^llll 


■■■11111111111 

l■■lllllllllll 

l■■lllllllllll 

■■■lllllllllll 

IHIIIIIIIIIIII 

■■111111111111 


l■lllllllllll■■llll:tlllll 

l■lllllllllll■■■»llllllll 

l■lllllllllll■■p»llllllll 

■■■iiiiiiiimv^iiiiiiiiiil 

■■IIIIIIIIIIIM^IIIIIIIIIIll 

■iiiiiiiiiiirjHiiiiiiiiii 


l■■lllfllllfl■■llllllllllffl■lllllllllll| 
l■lllllllllll■■llllllllM■l■■lllllllll^| 

miiiiiiiiiiiaBaaHiiiHHHM 

■■iniiiiiiii 


Ml 


I|HH?IIIIH£2illllllll 
llUIIIIIICZimillllllll 


i■■■llllllllll■■■Pf4llllll!^■l■l  llllll 
III  II  If  lllllllllll 

EHiiiiiiiiiiiM2ii’<rfiiiiiHiiiniiiiii| 

III  II  III  ■lllllllllll 

iHBBIIIIIIIIIIV«2llllllliniBaiHnnP9?IH9lll 

■  ■■iiiiiimii  mi  ilium  iiiiiiSfliiil 

III  'A  II  HIP  ifllllllllll 
II  ■■lllllllllll 

iHHailllllPf;iW>CSiiillllllllBiHlllllllllll| 
EHIIIIII^r!:ii«IIIIIIIIIIUIIIIIIIIIIl| 
EHHBlir^^JIIIHiBBiailllllllHIBBIIIIIIIIIll 
illMIIIH  IIIIBiaillllllllll 

^■■■HpssuiriiiiiHiiiiiiiiiiirr’’niiiir:u 

^■■■■lISiiJHKfllllXlliM'SSilflllftllllHBIIIIIIIIIII 

fSi>fBSSiiHgWiailllllllWllllllllllMBHIIIIIHl| 

^HHiic.flBnviiiiiiiiiimiiiiiiiiiimiiniiiiii 

^^■SmillMKlHIIIIIIIIIIMIIIIIIIIIIIHBIIIIIIIIIII 


ifetf  ■llllll 


■■■IIIIIIIIIHBIIIIIIIIIIIHIBBII|ll|!!!ll 


■■iminiHaiiiiiiiiimBiiiiiiiiiiiMiiiiiiiiiii 


■■■iiiii:i 

■■■■■*21111 

■HBBillllll 

■■■■lllllll 

■■■■■iiiiii 


l■■llllllllll■■■llllllllll■■■llllllllll 
l■lllllllllll■■■llllllilll■■■llllllllll 
l■■llllllllll■■■llllllllll■■■llllllllll 
l■■llllllllll■■■llllllllll■■■llllllllll 
l■llllll■llll■■■llllllllll■■■llllllllll 
|^^^^W^^yi|IIIIBHIIIIIIIIIgi 


l■lllllll 


l■lllllllllll■■■llllllllll■■■llllllllll 

I■■■IH1■^III■■^■^IH^IHI■■■^HH■^H^1 


0.1  0.2  0.5  1  2  5  10  20  50  100  200  500  1000  2000 

TIME  IN  MINUTES 


PROJECT  Upper  Santa  Ana  River  Dam  Div.  No.  96586-96587 


Impervious  Core  Material,  Blend  "A" 


August  1986 


ENG  2088  rs*VOBWLB°TET'ONSCOWSOUOAT»ON  TEST-TIME  CURVES  (TNANSI.Ul' TNI 


Cm 

0.2  0.3  0. 


cm/ eve 

5  10 


20  25 


■  utfUJ^KUXm&ldLUBII 


iiliSSIIIIIIIIIIIIIIIIIIIIIHSIIIBIIIffi 

>9llliaHS!IIBIIIIIIIIIIIIIIIIIIIilllllB| 


Type  of  Specimen  Relnoided 


Dim  4.4  la.  I  Ht  1.00 


Overburden  Pressure ,  p<, 


Preconsol.  Preann,  pc 


resslon  Index,  C 


U.  27 


PL  18 


Before  Test 


In. 


T/sq  ft 


T/sq  ft 


ESEE39I 


5.9 


0.353 


45 


After  Test 


13.8  * 


0.390 


95 


ssarks  Composite:  Div.  No. 


96588  &  96587 


Remolded  to  95%  max.  at  3% 


below  optimum  w.c. 


•t  e  *  x  10*  ca/sec 

O 


Project  Upper  Santa  Ana  River 


Aren  Impervious  Borrow 


Borins  ■«.  TH-85-4&9  1  floss  Is  Ho. Com 


Dote  August  1986 


CONSOLIDATION  TEST  REPORT 


im  rmm 

iMt  Cl 


I  CMTlONt  A  AC  OMOLCTC.  ftWWUMUMT) 


Cl»0  •H.7H 


»  s 424 PLATE 27 


DEFORMATION  IN  10  INCHES 


IBIII 


iSlIHI 


(■■■II 

lt3BIII 


Ml 


zl2S- 


(■■111111 


iBiiiiiiiml 

(■1111111111 

(■■lllllllll 

(■■lllllllll 

(■■lllllllll 

(■■lllllllll 

l■llllllllll 

l■llllllllll 

l£2!!MIIIII 

■■■111111^^ 

■■■111111111 

l■IIIIIJIIII 

■■■111111111 

l■■lllllllll 

iSSSIIIIIIII 

laiiL.iSSf: 

■■■111111111 

l■llllllllll 

l■■l■lll■lll 

■■■111111111 

l■llllllllll 

isniniiiiii 

■■■iSfMIIII 
■■■IllllltV 
■■■lllllllll 
l■■lllllllll 
■■■111111111 
l■llllllllll 
■■■111111111 
l■llllllllll 
l■llllllllll 
l■■lllllllll 
l■■lllllllll 
l■■llllillll 
■■■lllllllll 
l■llllllllll 
■■■lllllllll 
l■llllllllll 
■■■lllllllll 
l■■lllllllll 
■■■lllllllll 
■■lllllllll 
l■■lllllllll 
■■■111111111 


HBBIIIIIIIIIIBIBB 
■■■■■IIIIIIIIIIAIi^l 
iHBIIIIIIIIIIi^iS^I 

IhiiiiiiiiiiiihhI 
miiiiiiiiiiimH 

■■IIIIIIIIIIIHI 

HBIIIIIIIIIIIHiBa 

■■IIIIIIIIIIIHI 

HBIIIIIIIIIIIHBI 

HBIIIIIIIIIIIHIHB 

STfiPIIIIIIIIMHB 

■■IIIIIIIIIIIHli 

niiiiiiiiiiini 

■■lllllllllll■■■ 

■■■IIIIIIIIIIUI 

■■IIIIIIIIIIIUI 

KSII'IIIIIIIIRH 

■■■ikic^iunn 

■■■llllllllll^'*** 
HBIIIIIIIIIIIHIBli 
HIIIIIIIIIIIH  ■ 
■■■IIIIIIIIIIUI 
■■■IIIIIIIIIIUI 
■■■IIIIIIIIIIUI 
KSIIIIIIIIIIIHI 
■■■S.iMMIIIHI 
■■■lllllliiS!”tU£ 
luilllllllllIHrf 
IhIIIIIIIIIIIUII 
■■lllllllllll■■l 
■■■IIIIIIIIIIHI 
■■■IIIIIIIIIIHI 
■■lllllllllll■■■ 
■■■llllllllll■■l 
■■■llllllllll■■■ 
■■■IIIIIIIIIIMiB 
■■■IIIIIIIIIIUI 
■■IIIIIIIIIIIHI 
■■■IIIIIIIIIIHI 
■■■IIIIIIIIIIHI 
■■■IIIIIIIIIIHI 
■■■llllflllll■■■ 
UIIMIIIIIIHI 
lllllllllll■■■ 


llllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

iiiism 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

liiiiu<l| 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

llllllllll 

llllllllll 

llllllllll 

IllliSril 

llllllllll 

llllllllll 

llllllllll 

llllllllll 

llllllllll 

llllllllll 

llllllllll 

llllllllll 

llllllllll 

llllllllll 

llllllllll 

llllllllll 

llllllllll 

■llllllllll 

llllllllll 


project  Upper  Santa  Ana  River 


Impervious  Borrow 


DEPTH 

EL 


DATe  August  1986 


ENG  ,FmT,3  2088  a"  EV08SOLEDTr°N8C0N80LIDATI0N  TEST-TIME  CURVES  (translucent 


DEFORMATION  IN  10  INCHES 


TIME  IN  MINUTES 

0.1  0.2  0.5  1  2  5  10  20  SO  100  200  BOO  1000  2000 


IHHIIIflll 

■■lllllll 

■■lllllll 

■■lllllll 

HHIIIIIII 

[■■lllllll 

[■■1111111 

[■■1111111 

[■■lllllll 

[■■lllllll 

[■■1111111 

l■■lllllll 

[■■■111111 

[■■■llllll 

[■■lllllll 

[■■1111111 

[■■■111111 

[■■lllllll 

[■■lllllll 

[■■lllllll 

[■■lllllll 

[■■lllllll 

[■■lllllll 

(■■■■■■llll 

[■■lllllll 

[■■lllllll 

HHIIIIIII 

>■■1111111 

■■■■111111 

>■■1111111 

l■■■lll!ll 

[■■1111111 

(■■1111111 

mmwrtiw* 

mmzjtm 

iuaiiiiin 

l■■llllm 

■■■P'SSiil 

itsiHIIIIIII 

(■■1111111 

l■■lllllll 


>■111111 


l■lllllllllll■■ll■llllllll■■lllllllllll 
l■lllllllllll■■IIIIIIIIIIIK■illllllllil 
l■lllll!lllll■■llllllllll[u■■Llilllllll 
l■lllllllllll■■lllllllllll■■l!!!!!!!!!! 
l■■lllll■llll■■lllllllllll■■lllllIlllll 
l■■lllll■llll■■llllltlllll■■■llllllllll 
l■lllllllllll■■lllllllllll■■lllllllllll 
l■lllllllllll■■lllllllllll■■lllllllllll 
l■■llllllllll■■lllllllllll■■■llllllllll 
l■■llllllllll■■lllllllllll■illllllllll| 
l■■lllll■llll■■■llllllllll■iilllll■llll 
l■lllllllllll■■lllllllllll■■■llllllllll 
l■■llllllllll■■lllllllllll■■■llllllllll 
l■lllllllllll■■lllllllllll■■■llllllllll 
l■lllllllllll■■lllllilllll■■■llllllllll 
l■■llllllllll■■llllllllllf■■■lllll■llll 
l■lllllllllll■■lllll!lll!l■■■llllllllll 
l■■llllllllll■■■lllllllll■■■■lllll■llll 
l■lllllllllll■■■lllll■llll■■llllll■ll■l 
l■■llllllllll■■■llllllllll■■■IIIIIISill 
I■lllllllllll■■llllll■llll■f71ll!^llllll 
l■lllllllllll■■llll!llllll■■Plilllllllll 
l■■llllllllll■■■lllll■llll■Si■llllllllll 
l■■llllllllll■■■llllllllliUi■■llllllllll 
l■■llllllllll■■llllllll!^l■■■lll!!Si^ll 
l■■llllllllll■■■llll’HIII■2£llllllllll 
l■■llllllllll■■ll■S^[IPT!S^I^I2il^illlllllll 
l■lllllllllll■■l^;illllll■■■llllllllll 
l■■llllllllll■^HIIIIIIIIII■■■llllllllll 
l■■lllllll^>:Ki■lllllllllllM■^!!!::si^l| 
■■IlirfSaP'SWiVSC^SSSS^iiifeilCSSJIIIIIIIII 
■■■ssr::s;^i.iafliiiiiiiiiiiHBiiiiniiiii 

^JIIIIlSfllllHIIIIIIIIIIIHIIIIIIII|ll 
l■lllrllllll■■■v^!!r*!::^sk^illllllll 
SKiiioiiiiillHIIIIIIIIIIIK-^^llllllllll 
■■?3lllllllimBIIIIIIIIII«HIIIIIIIIII 
’aflllllllltllHIIIIIIIIIIIHHIIIIIIIM 
l■■llllllllll■■■lllll■llll■■■lllll■llll 
l■■llllllllll■■■lllll■llll■■■lllll■llll 
l■■llllllllll■■■llllllllll■■lllllllllll 
l■■lllllll«ll■■■llllllllll■■■llllllllll 
l■lllllllllll■■lllllllllll■■lllllilllll 
hiiiiiiiiiihiiiiiiiiiiiiibiiiiiiiiiii 
l■lllllllllll■■lllllllllll■■■llllllllll 
■■■IIII■IHI■■■IIIII■IIII■■■^IIH■^^II 


0.1  0.2  0.5  1  2  5  10  20  50  100  200  500  1000  2000 

TIME  IN  MINUTES 


PROJECT  Upper  Santa  Ana  River  ,  Dlv.  No.  96586  -  96587 


Impervious  Borrow 


mple 

NO 

Comp  A 

sr™  4-6  i 

date  August  1986 


ENG  2088  ly^QBsoLETe'^COWOUDATWWTEST-TIliECUWVeS  (TRANSLUCENTlj 

HATE  30 


U  :l  ■^£ill 


IIIIP1EIS 

■■11111 


■llliSMIllglllll 


Type  of  Spec lean  Remolded 


Dlaue  In. 


Overburden  Preeaure,  Po  T/k 


Preconeol.  Preeaure,  pe  T/at 


reaaloo  Index,  Ce 


ciaaatf  loatioo  clayey  Sand  (SC) 


2.69 


PL  18 


Before  Teat 


After  Teat 


Bt  In. 

8.9 

3D 

12.6 

,  Po  T/#q  ft 

BSEDBHI 

0.352 

ef 

0.352 

.  Pe  */■*  ** 

P2S3HEBBI 

68.0 

i 

8f 

96.5 

ajrka  Remolded  to  95% 


Div.  No.  96586  -  96587 


et  e  »  x  10"  cm/sec 

o 


Project  Upper  Santa  Ana  River 


Ax«n  Impervious  Borrow 

Boring  Bo.  TH-85-4 

8e^le  Bo.  Comp  A 

Depth 

B1  4-6 

tote  Sept.  1986 

CONSOLIDATION  TEST  REPORT 

Micvioet  ewTioMt  «m  oasocert.  muwu/cwn 


fo  aaa.7aa 


*4a«  PLATE  i/ 


i 


DEFORMATION  IN  10  *  INCHES 


PLATE  11 


ENG  iFma"M.3  2088  aaVomolete'°N8  CONSOLIDATION  TEST-TIME  CURVES  (translucent 


Coefficient  of  kjo*  10 "  °*/ 

.2  0.3  o.vo.5  1  2  3*5 


DEFORMATION  IN  10  *  INCHES 


DEFORMATION  IN  10  *  INCHES 


00  200 


v 


■bhTiiiSuhiiiiiiiii  ■■iiiimiii  Hiiiiiiiiiii 
■■llllilSSSlIIIIIIIIIIHIIIIIillllilHBIIIIIIIIIII 
■iaillllllHHHHBIIIIIBIIIIHIHIIIIIIIIIIHUII!l  lllll 

■biiii  BBbiiiiiiiiiiibbiiiiiiiiiiihbiiiiiiiiiii 
bbiiiiiibEbbiiiiiiiiiiibbihiiiiiiiibbiiiiiiiiiii 
SslMlllBBHIIIIIIIIIIIBifllllllllllllHIIIIIIIIIII 
S«IIIIIIIIIIIBBIIIIIIIIIIIBBIII>IIIII  I 


MBCIIIIII 

imuij:! 

IBBBIIIIIIB 
IBIBBIIIIII 
IMBB1IIIII 
■■1BIIIIIII 
IHBIIIIIII 
IBIBIIIIIII 
iLlBIIIIIII 
IBSMIIIII 
IBBklSilll 
■■BBBIIIKJ 
IHBIIIIIII 
IBIBIIIIIII 
IBIBIIIIIII 
ICBBIIIIIII 
IBIBIIIIIII 
IBIBIIIIIII 
UBBIN81I1I 
■Blllllfl 

■■mini 

■■■Him 

■■iiiiiii 

■■iiiiiii 
■■iiiiiii 


note  Lumbers  beside  curves 

ARE  PRESSURES  IN  T/SQ  FT 


IBIBIIIIIII 


ISIMIIIIIIBBIHIIIIIIIIBBIIIIIIHIII 

IHilliSr'!!B«IHIIllllllBBIIIIII|llll 


LB9IHIIIIIIII 


!!!'HIIBBIIIIIIIIIII 


Hllli^iSIMIBIIIIIIIIIIIi  JSS^IIIIIFrill 
IBIBIIIIIIIIiii2*BIIIIIIIIIIIBHIIliiS:^lll 
IBBIIIIIIIIIlIBBE^MIIHIlIBBIIIIIIIIIIl] 
IBBIHIIIIIIIIHHIIIIIIliii:rRMIIIIIIFI!lll 
IBaiHIIIHIIIBBIHIIIIIIIIBHLi::!l^i^ll 
■BBIIIIIIHIlIBBIHIIIHIlIBBIIIIIIIIlll 
l■■IHIIIHIII■■■HIIIHIII■■■llllllllll| 
IBBIIIIIIIIIIIBBIHIIIHIIIBBIHIIIHIII 
imBIIIIIIIIHIBiBllllllllllllBBIIIIIIIIIIl| 
.SBHIIIIHIIIBBIHIIIIIIIIBBIHIIIHIII 
IHBJIIIIIHIIIBBIHIIIIIIIIHBIHIIIHIII 
IBBIIIb.lHIlIBBIHIIIIIIlIBBIIIIIIHIII 
IBBIHIIIIIt.IBBIIIIIIIIIMBBIIIIIIHII! 
HBIHIIIHIIIlFBIIIIIIHIWBBIHIIIHIIll 


IBIHIIIIIIII 


tllHIIMBBIIIIIIIIIII 


MBIHIIIIIIlIBBIHIlIkkflHBBIHIIIHIIll 
■■millHIlUBBIIIIIIHIIUZBIIIIIIIIIIll 
■■■HlllHIIIBIBIIIIIIIIIIIBIBiiHIIIU^lil 
BBIIIIIIHIIIBBIHIIIHIIIBBIHIIII^II 
HBIHIIIIIIIIBBIIIIIIHIIIBBIHIIIHIII 
BtailllllllllBBIIIIIIIIIlIBBIHIIIIIIII 
BBIIt’llllllIBBIHIIIHIlIBBIIIIIIHIII 
■■IHIIISIIIIHBIHIIIHIIHHBIHIIIHIII 
■■■HIIIHHIHIHIIIHIIIBBIIIIIIIIIII 
■■IHIIIIIIIIBIBIIIIIIIIIIIBIBIHIIIHIII 
■■IIIIIIIIIIIHIBaHIIIHIIIHBBIIIIIIHIII 
HBIHIIIIIIIIBBI^IIIIIIIIBBIIIIIIIIIII 
HBIHIIIIIIIIBBIIIIIiUIIIBBIHIIIIII!l 
BBIHIIIIIIIIBBIHIIIIIfit!'BBIHIIIIIIIl 
BBIIIIIIIIIIII^BIHIIIIIIIIBiZ^lir’lPII 
BBIIIIIIHimBIHIIIHIlIBBIIIfillBIiSI 
mBIHIIIIIIlIBBIHIIIHIlIBBIIIIIIIIIII 
l■IIIIIIHIII■■IHIIIIIIII■■IHIIIHIII 
l■■HIIIHIII■■■HIIIHIII■■■HIIIH^II 


00  200 


project  Upper  Santa  Ana 


Div.  No.  96586  &  96587 


DEPTH  .  , 
EL  4-6 


date  Sept.  1986 


ENG  ,F°”yM„  2088  AReeVOBSOLEDTj'ONSCONSOUDAT,ONTEST-T,MECU,,VES  (TRANSLUCENT] 


PLATE  36 


■mini 

■■■iiiiii 

■■■nun 

■■■iiiiii 

■■■mm 

mmfxiu 

iattHP'Silll 

•rsaimiii 
l■■■HIIII 
l■■■HIIII 
■■■■111111 
WBBIIIIM 
■■■mia 


msLjiiiimr’aiBiiiiiiiiiiii 


■llllllliRlIBBIIIIIIIIII 
■■■lllllllll 
v  l■■IHIIIHII 
■■lllllllll 
■■mlllllll■■■HIIIHII 
■■lllllllll  ■■llllllllll 
■■■lllllllll 
■■HlllHlll■■■illllml 
ii  ii  ■■iiiiiiiii 

■■mllHIII■■IHIIIHII 
HI  (■■■111111111 

It  ■■■lllllllll 
■■HIIIHIII■■■mllHII 
■■HIIIHIII■■■HIIIHII 
■■■lllllllll 
■■HIIIHIII■■■IIIIIHII 
(■■■lllllllll! 

■  '  ■■■■■lllltllill 
l■■lHlll^jll 

■■HlllHlll■■■Hr:ml 
I  II  IIIIMHIll 

■  IIRIHUil’i 

II  I  II  19LJIIILDIII 

■V  HIT  IHIPIIIIII 

■iHWiinimariiiimfi 
mz  iiri«i[!S.^aUllllllll 
^iiiiiiiiiivaiiiiiimi 
ii  iiii  ill 

■■HIIIH^I■■■IIIIIHII 
■I;  ■■lllllllll 
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0.1  0.2  0.5  1  2  5  10  20  SO  100  200  500  1000  2000 

TIME  IN  MINUTES 


project  Upper  Santa  Ana 


Div.  No.  96586  &  96587 


IS9S3EESB 


ENG  iFma"vM83  2088  apeVoS^oleDtJ,ON* CONSOLIDATION  TEST-TIME  CURVES  (TRANSLUCENT) 


PLATE  17 


20  25 


Type  of  Bpectaan  Reroolded 

Before  Teat 

After  Test 

Dlu  la. 

It  la. 

Water  Content,  vQ 

9.4  * 

wf 

13.4  * 

Overburden  Prenun,  f«  T/aq  ft 

Void  fetlo,  efl 

0.453 

ef 

0.362 

meoniol.  Pressure,  pc  T/eq  ft 

Saturation,  S„ 
o 

57  * 

8f 

100  t 

Coprmlai  latex,  Cc 

Dry  Danalty,  rd 

116.4  H>/ft3 

ClA&fllflcatlao  Si? 

WcHnWlmsc 

k20ateo-  x  10*  ca/aec 

u.  31  &  29 

0B  2.71 

P.^Ja^t  uPPer  Santa  Ana  River 

n.  18  &  21 

DZ0 

haiti  Remolded  to  98Z  max. 

Div.  No.  97595  -  97596 

density  at  3Z  below  optimum 

Borin*  Bo.  TH-21.  23 

MB  *>.  Blend  "C” 

water  content. 

Depth 

_ 13’  &  15’ _ 

October  1986 

Dlv.  No.  97595  -  97596 

CONSOLIDATION  TEST  REPORT 

IMMfl 

I  MV  M 


MIVWI  IMTlOttt  AM  OMHIT1  <TIU«SlVC«Jvr) 


*V 

)' 
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0.1  0.2  0.6  1  2  5  10  20  50  100  200  500  1000  2000 

TIME  IN  MINUTES 


project  Upper  Santa  Ana  River 


Div.  No.  97595  -  97596  Blend  "C" 


date  October  1986 


ENG  2088  InEVossoifETEIONS CONSOLIDATION  TEST— TIME  CURVES  (tkansluclnt 


date  October  1986 


ENG  t^MAvei  2088  a«eVob8oletIeIONSC0N80UDATI0W  TEST-TIME  CURVES  (translucent 


PLATE  4/ 


■<  if ■  w 


llll!is»i! 


iifsssis&azasi 

iH«!iiMiiiii 

lllllllllliiai 


*11111111 

iiiigim 

iiiisiiii 


Typ*  of  Specimen  Remoided 


dim  4.4  in.  I  It  1.00 


Preconaol.  Preeeure,  ^ 

T/e*  ft 

Coepreeeloo  latex,  C. 

CUMifi cation  clayey  Sand  (SC 


IX  32 


PL  18 


Remolded  to  98Z  max. 


density  of  optimum  water 


content 


Dlv.  No. 

,6595  and  96596 


Before  feet 


12.2 


0.449 


74 


tt  •  ■  X  10*  ca/eec 

o 


Upper  Santa  Ana  River 


After  Teet 


12.6 


0.376 


91 


A***  Impervious  Core 


Borlac  Bo.  TH  21  &  23  [iMpie  lo.  C0®?*  c 


tl**  0-15  Sate  July  1986 


CONSOLIDATION  TEST  REPORT 


DEFORMATION  IN  10  INCHES 


OEFORMATiC^  IN  10  INCHES 


0.1  0.2  0.5 
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TIME  IN  MINUTES 
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0.1  0.2  0.6  1  2  5  10  20  60  100  200  500  1000  2000 

TIME  IN  MINUTES 


PROJECT  U 


Div.  No.  96595  and  96596 


gr™  o-i5 


date  July  1986 


ENG  2088  areV08solete'°NS CONSOLIDATION  TEST-TIME  CURVES  (translucent) 


PLATE  44 


DEFORMATION  IN  10  INCHES 


20  2$ 


ESI! 


iiaiiiS 


■i*i 


20  25 


Type  of  Specimen 


Remolded 


in.  Ht  1.00 


Overburden  Preaaure,  Po 

T/aq  ft 

Preconsol.  Preaaure,  pc 

T/aq  ft 

Coapresaion  Index,  Ce 

Before  Teet 


Claealflcatloo  Clave 


LL  32  2. 


BMnrka  Remolded  to  98%  of  max. 


density  at  3%  above  optimum 


water  content. 


Dlv.  No.  96595  and  96596 


15.3  * 


0.449 


92  f  st 


kgQ  it  e  ■  x  10"  ca/aec 


Project  Upper  Santa  Ana  River 


Aft er  Teat 


12.3 


0.343 


Aren  | 


Boring  Ho.  TH-21&23 _ Sample  Ho.  Comp.  C _ 

Depth  n  is 

II  0-15  Date 


CONSOLIDATION  TEST  REPORT 

20*0  eacvtoua coitions  *»«  oatoLiTt.  rnumu/cMmT>  „  l41 4 /jfc 


TION  IN  10  INCHES 
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NOTE  NUMBERS  BESIDE  CURVES  _ 
ARC  PRESSURES  IN  T/SO  FT 


0.1  0.2  0.5  1  2  5  10  20  50  100  200  500  1000  2000 


TIME  IN  MINUTES 


projfct  Upper  Santa  Ana  River 


Div.  No.  96595  &  96596 


MPLE 

NO 

Com 

-  91 

DEPTH 

EL  0-1  5 


date  July  1986 


ENG  iF«aT«3  2088  areV08sole°te  IONSc®**SOLIDAt,°N  TEST— TIME  CURVES  (TRANSLUCENT)J 

plate  42 


DEFORMATION  IN  10  *  INCHES 
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SPECIMEN 


6.0 


CONDITION 


Remolded  to 
optimum 


DISTRICT:  Los  Angeles 

jcct :  Santa  Ana  River 


DIV.  HOLE 

NO.  NO 


96588 

96589 


TESTED  COMPUTED  DRAWN  CHECKED 


DEPTH 

FROM 

TO 

Blend 

"B" 

U.S.  ARMY  ENGINEER  DIVISION  LABORATORY  -  -  SOUTH  PA 


SPD  Form  66A 
1  Hay  83 


Division  Laboratory 
Sausalito,  California 


REPORT 

OF 

SOIL  TESTS 

UPPER  SANTA  ANA-SEVEN  OARS  DAM 
PERVIOUS  BORROW  MATERIAL 


MAY  1987 


US  Army  Corps 
of  Engineers 

South  Pacific  Division 


i 


REPORT 

OF 

SOIL  TESTS 


UPPER  SANTA  ANA- SEVEN  OAKS  DAM 
PERVIOUS  BORROW  MATERIAL 

MAY  1987 


AUTHORIZATION 


1.  Testing  services  were  authorised  by  the  Los  Angeles  District  per 
DA  Form  2S44  No.  E86  87  0081  dated  13  April  1987. 

SAMPLES 

2.  On  25  November  1986,  fifty-five  samples  in  barrels  were  received 
at  the  Laboratory.  Identification  of  the  samples  is  shown  on  the  Soil 
Test  Result  Summary,  plate  1. 


TESTING  PROGRAM 


3.  The  program  was  in  accordance  with  the  test  request. 

TESTS  AND  TEST  METHODS 

4.  Grain-size  Analysis,  Specific  Gravity,  Triaxial  Compression,  Compaction 
and  Permeability  tests  conformed  to  the  procedure  described  in  Engineer 
Manual  EM  1110-2-1906,  "Laboratory  Soil  Testing,"  30  November  1970. 

CLASSIFICATION 


5.  The  soil  was  classified  in  accordance  with  "The  Unified  Soil  Classification 
System,"  TM  No.  3-357,  Appendix  A,  April  1980. 

RESULTS 


6.  Results  of  tests  are  shown  on  the  following  plates s 


Subject  Plate  No. 


Soil  Test  Result  Summary  1 

Gradation  Curves  2-3 

Permeability  4 

Triaxial  Compression  Test  Report 

Tests  5-5A 

"S"  Tests  5B 

Compaction  Test  Report  6-7 


COMMENTS 

7.  The  batch  moisture  contents  for  the  two  uppermost  points  on  the 
compaction  curve  were  higher  than  the  resultant  moisture  contents  due 
to  bleeding  during  vibration.  Even  though  testing  started  with  batch 
moisture  contents  of  7*5%  and  8*s%,  both  resulted  in  final  moistures 
of  6.8%. 
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SOIL  TEST  RESULT  SUMMARY 


ARMY  ENGINEER  DIVISION  LABORATORY  -  -  SOUTH  PACIFIC  DIVISION 


SPD  FORM  66A 


ARMY  ENGINEER  DIVISION  LABORATORY  ■  -  SOUTH  PACIFIC  DIVISION 


ARMY  ENGINEER  DIVISION  LABORATORY  -  -  SOUTH  PACIFIC  DIVISION 


Sants  Ana  River  -  Seven  Oaks  Dam  (Left  Abutment  Pervious  talus  material:  Program  3)  DATE:  OCTOBER  1987 


SPD  FORM  66A 


Division  Laboratory 
Sausalito,  California 


REPORT 

OP 

SOIL  TESTS 

SEVEN  OAKS  DAM  (UPPER  SANTA  ANA  RIVER  DAM) 
IMPERVIOUS  CORE 


US  Army  Corps 
of  Engineers 

South  Pacific  Division 


r 


T 


REPORT 

OF 

SOIL  TESTS 

t 

SEVEN  OAKS  DAM  (UPPER  SANTA  ANA  RIVER  DAM) 
i  IMPERVIOUS  CORE 


January  1183 


AUTHORIZATION 

1.  Testing  services  were  authorized  by  the  Los  Angeles  District  per  DA  Form 
2544  No.  E86  87  0085  dated  21  April  1987. 

SAMPLES 

2.  On  3  &  10  February  1987,  twenty  barrels  and  seven  sacks  of  samples  were 
received  at  the  Laboratory.  Identification  of  the  samples  is  shown  on 

the  Soil  Test  Result  Summary  plates. 

TESTING  PROGRAM 

3.  The  program  was  in  accordance  with  the  test  request  as  per  Detailed  Laboratory 
Testing  Program. 


TESTS  .AND  TEST  METHODS 

4.  Grain-size  Analysis,  Atterberg  Limits,  SCS  Dispersion,  Specific  Gravity, 

Triaxial  Compression,  Compaction,  Consolidation  and  Permeability.  Testing 
conformed  to  the  procedure  described  in  Engineer  Manual  (EM)  1110-2-1906,  "Laboratory 
Soil  Testing,"  30  November  1970. 

CLASSIFICATION 

5.  The  soil  was  classified  in  accordance  with  "The  Unified  Soil  Classification 
System,"  Technical  Manual  (TM)  3-357,  Appendix  A,  April  1960. 

RESULTS 

6.  Results  of  tests  are  shown  on  the  following  plates: 

Subject  Plate  No, 

(Phase  I) 


Soil  Test  Result  Summary 
Gradation  Curves 


1-4 

5-13 


(Phase  II) 


Soil  Test  Result  Summary  14-15 

Gradation  Curves  16-20 

Specific  Gravity  21 

Permeability  22 

Triaxial  Compression  Test  Report 

"R"  Tests  23-26 

Compaction  Test  Report  27-32 

Consolidation  33-44 

(Phase  III) 

Soil  Test  Result  Summary  45-46 

Gradation  Curves  47-51 

Specific  Gravity  52 

Permeability  53 

Triaxial  Compression  Test  Report  54-55 

"R"  Tests 

Compaction  Test  Report  56-61 

Consolidation  Test  Report  62-73 

(Phase  IV) 

Soil  Test  Result  Summary  74 

Gradation  Curves  75 

Permeability  76-78 

Triaxial  Compression  Test  Report  79-87 

Compaction  Test  Report  88 

Consolidation  Test  Report  89-124 
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IP-4  10-3  1»2  10-1 

FEET  PER  OAY 

COEFFICIENT  OF  PERMEABILITY  (K)' 


REMARKS?  e-^90%;  e?=95%;  and  e^=100%  Max  Density,  optimum  moisture 


specimen 

DISTRICT! 

Los  Angeles 

— 

point 

IMAM. 

HT. 

■SSI 

CONDITION 

— SHfficLOAKS  DAM  -  Impervious  Coref  Phase  1 
PTOJK'T'  (  3 lend  3A  ^  1 

IN. 

Ml 

ESS 

OIV, 

HOLE 

r.s 

DEPTH  1 

1 

6.04 

5.94 

No.  4 

Undisturbed  • 

NO 

NOl 

NO 

TROM 

TO 

2 

3 

5.92 

5.84 

5.84 

5.76 

1 

2 

3 

100045 

100046 

H 

17 

18 

0.75 

0.75 

5 

5 

HgT 

■ 

COMPUTED 

FN 

DRAWN 

CRK 

CHECKED 

D W 

Vans*  "f  ■»  .  — . . ■  I -  I  ■  ■  i.  I -  —  " - 1 

tiliH  ItiWO  «ri»cu  oicim),  M  mr  tt,  mm  cm  u«  n  mica.  PLATE  PHASE 


COMPACTION  TEST  REPORT 


ZAV  -For 


2.68 


22.5 


Muter  content,  7. 

Standard"  Proctor,  ASTM  D  698-78,  Method  A 


Elev^  USCS  Nut. 

Depth  Classi-f  lent  ion  Moist. 


Silty  Clayey  Sand 

0.75-5  (SC)  3.3 


Sp  .  6. 

LL 

PI 

X  > 

No. 4 

y.  < 

No. 200 

2.68 

33 

11 

e  y. 

34  *  - 

TEST  RESULTS 


Optimum  moisture  “  id.  1  V. 
Maximum  dry  density  =  114.7  pc-f 


Division  Mo. :  100029 

F.S.  No.  1 

Project:  7  Oaks  Dam 

Location:  Impervious  Core 

Hole  Ho.  CBT-R6— 30 

Date:  8-25-1987 

COMPACTION  TEST 

REPORT 

CORPS  OF  ENGINEERS  -  SPDC 

MATERIAL  DESCRIPTION 


Remol ded 


Remarks: 

1A 

Barrel  No.  1 
(Phase  II) 


Plate  No. 


uses 

Classic ication 

Nat. 

Moist. 

Sp.6. 

LL 

PI 

7.  > 

No.  4 

7.  < 

No. 200 

Clayey  Sand (SC) 

0.9  7. 

2.68 

33 

i 

13 

3  7. 

24  7. 

TEST  RESULTS 


Opt  i mum  moisture  -  12.7  7. 

Max i mum  dry  density  =  118.9  pc-f 


Division  Ho.:  106830  P'S.  No.  2 

Project:  7  Oaks  Dm 
Location:  Impervious  Core 
Hole  No.  CBT-86-30 
Date:  8-21-1987 


COMPACT ION  TEST  REPORT 

;ORPS  OF  ENGINEERS  -  SPDL 


MATERIAL  DESCRIPTION 


Remolded 


Remarks: 

2A 

Barrel  No.  2 

(Phase  XI) 

Plate  No. 


PHASE  IX 


Elev/  USCS  Nat. 

Depth  Classif ication  Moist 


Clayey  Sand  (SC) 


TEST  RESULTS 


Opt  1  mum  moisture  «  11.3  V. 

Maxi  mum  dry  density  *=  125.0  pc-f 


Division  Mo.:  106045  «t  100046 
Project:  7  Oaks  Dam 
Location:  Impervious  Core 
Hole  No.  CBT-86-34 


F.S.  No.  17/18 


Date:  8-21-1987 


COMPACTION  TEST  REPORT 


JORPS  OF  ENGINEERS  -  SPDL 


MATERIAL  DESCRIPTION 


Remolded 


Remarks: 

Blend  3A 

Barrel  Mo.  17/18 
(Phase  II) 


Plate  No. 


COMPACTION  TEST  REPORT 


**■4 

I 

3> 

A 


ZAV  +or 
Sp.G.« 

2.7 


5  7.5  10  12.5  15  17.5  20 

Water  content)  ?! 


"Standard"  Proctor*  ASTM  D  690-70,  Method  0 


E  levs 
Depth 

uses 

Classi+icat ion 

Nat. 

Moist. 

sp.e. 

LL 

PI 

X  > 

,  No.  4 

X  < 

No. 200 

.75-5 

Claeyey  Sand (SC) 
Sandy  Clay  (CL) 

9.8 

10.9 

2.7© 

27 

11 

0  X 

52  V. 

TEST  RESULTS 

MATERIAL  DESCRIPTION 

Optimum  moisture  ■  12.2  X 

Maximum  dry  density  =  120.8  pc-f 

REMOLDED 

Division  No.:  100045  &  100046  F.S.  Ho.  17  &  18 

Project:  7  Oaks  Dam 

Location:  Impervious  Core 

Hole  Ho.  CBT-06-34 

Date:  8-21-1987 

Remarks: 

Blend  3A 

Barrel  No.  17^18 

(Phase  II) 

Plate  No.  -3Q  . 

COMPACTION  TEST  REPORT 

,  ;ORPS  OF  ENGINEERS  -  SPDL, 

PHASE  II 


Elev^ 

Depth 

uses 

Classification 

Nat . 
Moist . 

Sp .  6. 

LL 

27-32 

Sandy  Clay (CL) 

12.1  Y. 

2.69 

27 

y.  > 

No. 4 

y.  < 

No. 200 

0  y. 

53  y. 

TEST  RESULTS 


Op 1 1  mum  moisture  **  12.9  Y. 
Maximum  dry  density  =  119.5  pcf 


Division  No.:  100047  pg  jg 

Project:  7  Oaks  Dam 

Location:  Impervious  Core 

Hole  No.  CBT-86-34 

Date:  8-21-1987 


COMPACTION  TEST  REPORT 

iORPS  OF  ENGINEERS  -  SPDL 


MATERIAL  DESCRIPTION 


Remolded 


Remarks: 

5A 

Barrel  No.  19 

(Phase  II) 

Plate  No.  _2J _ 


PHASE  II 


COMPACTION  TEST  REPORT 


u 

a. 


+• 

•H 

n 


3> 

a 


r 


ZAV  -For 

Sp . S . = 

2.  63 


2.5  5  7.5  10  12.5  15  17.5 


Water  content  > 


"Standard"  Proctor,  ASTM  D  698-78,  Method  A 


Elev.' 

uses 

Nat. 

Sp  .8. 

LL 

PI 

V.  > 

V.  < 

Depth 

Classi-Picat  ion 

Moist. 

No.  4 

Ho. 200 

7-12 

Ba 

o  zo 

a.  m  C'O 

5  y. 

is  y. 

TEST  RESULTS  MATERIAL  DESCRIPT  ION 


Optimum  moisture  «  10.7  V.  j  Remolded 

Maximum  dry  density  =  121.5  pc-F 

Division  No.:  100050  F.S.  No.  22 

Project:  7  Oaks  Dam 
Location:  Impervious  Core 
Hole  No.  CBT -86-38 

Date:  9-02-1987 _ 

COMPACTION  TEST  REPORT 

ORPS  OF  ENGINEERS  -  SOUTHWESTERN 


Remarks: 

6A 

Barrel  No.  22 
(Phase  II) 

Plate  No.  32. 


PHASE  II 


Type  of  Speclaen  Raided 


Plan  4.4  In.  Ht  1.0  In. 


Overburden  Pressure ,  p©  T/aq  ft 


Preconsol.  Pressure ,  pc  T/sq  ft 


Compression  Index,  Cc 


Classification  Sandy  Clay  (CL) 


u.  27 


PL  16 


Before  Test 


0.371 


After  Test 


11.6 


0.313 


*  sr  100 


R«**rks  Remolded  to  101%  rtax. 


density  @  Opt  water  content. 


Div.No.  100045& 100046 


2090  MMEVIOUS  EOIT'OMS  Mlt  OBSOLETE  (TKAItSLUCKHT) 


Project  SEVEN  OAKS 

DAM 

Impervious 

Core 

Area  FS  No.  17 

&  18  (PHASE  II) 

Boring  Bo.  CBT— 86— 34 

Saxple  No.  Blond  3A 

£pth  0.75'  -  5* 

Date  July  1987 

CONSOLIDATION  TEST  REPORT 

PLATE  3J„,PsIJ^fE  I 


mo*ci  SEVEN  OAKS  DAM  -  IMPERVIOUS  .CORE _ 

^  Div  .  No  .  1000A5&46  FS  No.  17  &  18  (PHASE  II  j 

rowing  no  CI3T-86-34  [wwno.  Blend  3A  ]  tT™  0.75’-5.0'  fDA„  July  1987 

**8  CONSOUD ATION  TEST-TIME  CURVES  (translucent) 


...  •  «w  »*W  Of— ?««-•*« 

l’l.ATE  34  .PHASE  11 


-01  Nt  NOUVWHOHO 


SEVEN  OAKS  DAM  -  IMPERVIOUS  CORE _ 


jm*  pj v.No. 100045&100046  FS  No-  &  18  ( PHASE  II) _ 

tounc ho,  CBT-86-34] u**u no  Blend  3A  jii  0»75*-5.0l  pah  July  1987 

ftSEE!**"''  COWSOUPATION  TEST-TIME  CURVES  (translucent) 


plate 


TON  IN  10-*  INCHES 


TIME  IN  MMUTES 


TIME  IN  MINUTES 


rtojfct 

SEVEN  OAKS  DAM  -  IMPERVIOUS  CORE  (PHASE  II) 

AKA 

FS  No.  17  &  18  Div.No.  100045  &  100046 

tOMMQ  NO. 

CBT-86-34  1^*0.  Blend  3A  |  «*"  0.75’-5.0'  BAtf 

July  1987 

%m  rotm 

1  MAT  A3 

20,8  CONSOUOATION  TEST-TIME  CURVES 

(TRANSLUCENT) 

PLATfe^TfrSSTtl 


VTayTj"  2090  PMtVWUl  (DITIONt  ARC  OKOIITC.  (TtUHSUUCIHT)  P  L  AT  E  37  *lP  ^4  ££  ^  ^ 


DEFORMATION  IN  I0-*  INCHES 


DEFORMATION  IN  10-*  INCHES 


00  200 


■Hill 
IMIIII 
(■■■III 
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■Hill 

■ill 


NOTE,  NUMIHS  RESIDE  CURVES 
ARE  PRESSURES  IN  T/SO  FT. 


I 

II 

III 
mu  i 

Hill  i 
lllll  I 
lllll  I 
lllll  I 
lllll  I 
lllll  I 
lllll  I 
lllll  I 
Hill  I 
lllll  I 
lllll  I 

in: : 

Id 

mill 
mu  i 

lllfty  I 
■III  I 
lllll  I 
lllll  II 

III! 

lllll  1 
lllll  I 
lllll  I 
llll  I 
■III  I 
llll  I 
lllll  I 
lllll  I 
lllll  I 
■II I 


00  200 


CT _ SEVEN  OAKS  DAM  -  IMPERVIOUS  CORE _ 

area  Div.No.  1000  a  5  &  46  FS  No.  17  18_  (Phase  lit _ 

•ottNoxo  COT— 86— 34  J  eamfu  no.  Blend  34  0.75' -5.  O'  jo  axe  July  1987 

CONSOLIDATION  TEST-TIME  CURVES  (translucent) 


plate  39 


OfFOCMATION  IN  lO"  INCHES 


-  IMPERVIOUS  CORE 


mmD1v.No  100045  &  46  '  FS  No.  17  &  18  (Phase  II) 


«ow<o mo. CBT-86- 34  |  mwu no.  Blend  34  |  0. 75^-5. O'  |  MR  July  1987 

“•*  STSSST"*  CONSOLIDATION  TEST-TIME  CURVES  (translucent) 


PLATE  AO,  P*8ATE°'Tt 


.2 


20  25 


.310 


.300 


0.1  0 

.2  0.3  0.4  0-5 

Pi 

1  2  3 

■essure,  p,  T/sq  ft 

4  5 

l 

0 

20  2  5 

Type  of  Speech  Remolded 

Before  Test 

After  Test 

Dlsa  In. 

Ht  1*0  In. 

Water  Content,  vQ 

9.0  i 

vt 

i4.i  i 

Overburden  Pressure,  p©  T/sq  ft 

Void  Rstio,  e0 

0.373 

ef 

0.381 

Preconsol.  Pressure,  pc  T/sq  ft 

Saturation,  SQ 

65  i 

Sf 

100  i 

Ccagpresslon  Index,  Cc 

Dry  Density, 

122.7  ib/ft3 

Classification  s, 

andy  Clay  (CL) _ 

kgQ  at  eQ  =  x  10*  ca/sec 

ix  27 

G.  2.70 

Project  SFvrm  nAKf?  n&M 

PL  16 

D10 

Impervious  Core  (phase  II) 

Reaerks  Remolded  to  101%  max. 

Area  FS  No.  17  &  18 

density  @  opt  -  3.7%  water 

Boring  Wo.  CBT— 86— 34 

s«uq>ie  no.  Blend  3A 

content.  Div . No . 100045&46 

Depth 

El  0.75’  -  5.0’ 

Date  July  1987 

Max.  density=121.0  Pcf,  0pt= 
_ 12J1 

CONSOLIDATION  TEST  REPORT 

f  RAY  m"  2®*®  AAfVNXJI  I  OPTIONS  *R(  OVKH.CTC-  (TKANILUCtHT)  PLATE  4ln.P,q^?E  I 
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NOTE,  NUMMXS  KStOC  CUXVES 

AXE  FXESSUKES  M  T/SO  FT. 
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«ct  _ SEVEN  OAKS  DAM  -  Impervious  Core 


>  Div.No.  100045  &  46  FS  No.  17  &  18 _ (PHASE  II ) 


kmdng  ncCBT-86-34 


samfu no.  Blend  3A  [»  0.75'  -  5.0*  |  paw  July  1987 

CONSOUOATION  TEST-TIME  CURVES  (translucent) 


nw  rout  2011  "Kvwt*  bnww 

I  may  «]  AXE  OMOUTt. 


-J.O'Jd 


*  «ro  ii«4 

PLATE  42, PHASE  II 


TON  IN  lO"1  INCHCS 


*  MO  :  IOM 


PLATE  4.3  .PHASE  II 


DEFORMATION  IN  10*4  INCHES 


TIME  M  MMUTES 


10  20  SO  100  200  500  1000  2000 


50  100  200  500  1000  2000 


TIME  M  MINUTES 


_ SEVEN  OAKS  DAM  -  Iirpervious  Core 

)i  v  .  No  .  100045  &  46  FS  No.  17  &  18 ( PHASE_  1 1 ) _ 

hoQBT-86-34  j  sahfu no.  JBlend  3A  [n”11  0.75'  -  S-O'^foAT*  July  1987 _ 

ns/?*  JTSSiSr**1  CONSOLIDATION  TEST-TIME  CURVES  (Translucent7 


*  *rO  :  IM4  OT-T1I-MI 


PLATE  44 .PHASE  II 


INCHES  U.  S  STANDARD  SIEVE  NUM 


INCHES  U.  1  STAN0MD  SIEVE  NUMBERS 


PLATE  4s,  pMSEffi 


L 


(1.1  STAMOMO  StVC  WJMKRS 


S.  STANOMO  SIEVE  NUMBERS 
14 1C  SO  SO  40  SO  70  100  140 


cot  0»t  001  CM  OS  0»  Ot  K  91  »l  01  I  9  »  C  f  f  f  I  ft  l  t  » 

V3UN0MAH  SaaewriN  MIS  0MV0NV1S  s  ft  S3H0NI  Ml  OMNldO  MIS  0OT0MV1S 


SPFP.TFTC  GRAVITY 

UPPER  SANTA  ANA  ^SEVEtL-OAKS,  JAM 
tmpervtous  CORE  (PHASE  UL) 


Jul  v  1M7 


Div.  No. 

Hole  No. 

F.S. 

Blend 

100029 

CBT  86-30 

1 

IB 

100030 

CBT  86-30 

2 

2B 

100045-46 

CBT  86-34 

17  &  18 

3B 

It 

ii 

It 

4B 

100047 

CBT  86-34 

19 

5B 

100050 

CBT  86-38 

22 

6B 

Elevation  (ft)  Specific  Gravity  (-4) 


0.75-5 

2.69 

5-11 

2.70 

0.75-5 

2.71 

0.75-5 

2.71 

27.5-32 

2.71 

7-12 

2.71 

PLATE  52  .PMSEH 


FEET  PER  DAY 

COEFFICIENT  OF  PERMEABILITY  <K)'~ 


Max  Density,  Optumin  Moisture 


SPECIMEN 


CONDITION 


Undisturbed . 


HOLE  lf.lt  OCP 

wo.  no  From  l  to 


1  I  Combine 


Vm/m*  l«m;  u,t,cci  ri»  n.ieiwO.  »  mi  **.  ««  ■*»  « 


CHECKED 

nw  . " 


PI,  ATE  53  PHASE  HI 


RE  PRESSURE  (TSF)  SHEAR  STRESS  (TSF) 


T 


^  115 

A- 

m 

3* 


BBBflflKBBBBflBBI 

aassissssEiii! 


IBBBBBBBBBBBBBiiBBBBBBBBBB 

IBBflflflBBflBflflBKBSBBBflflBflflB 


IBF^BBBBBBBBKBBBKBffBBBBBB 

I^BBBBBBBBflBfllk^BBKMSSBBflBB 

iBBBBBBBBBBBBBB^BBKBBBBBB 

IBBBBBflflflBflflBflflttBBBKSBBflfl 

IBBBBflflBBBflBBBBBBBBBBBBBB 

IBBflflflflflflflflBflBflflBBBflBBBBfl 

IBBBBflflflBflflflflBBBBBBBBBBBB 

IBBBBBBBBBBBBBBBBBBBBBBB3I 


17.5 

V. 


22.5 


Elev*' 

Depth 

uses 

Classl-P  icat  ion 

5.0-11.0 

Clayey  Sand  (SC) 

Sp .  8. 


2.70 


No.  4  No.  200 


MATERIAL  DESCRIPTION 


Remolded 


Remarks: 

BENTONITE  BLEND  2-B 
(Phase  III) 

Plate  No.  51— 


TEST  RESULTS 


Optimum  moisture  ■  14.8  V. 
Maximum  dry  density  =  113.8  pc-f 


Division  No.:  188830  F. Sample  No.  2 
Project:  SEVEN  OAKS  DAM 
Hole  No.  :  CBT-86-30 
Location:  Impervious  Core 

Date:  7-15-1987 


COMPACTION  TEST  REPORT 

JORPS  OF  ENGINEERS  -  SPDl, 


PHASE  III 


Water  content 

Standard"  Proctor,  ASTM  D  £98-78,  Method  8 


Nat. 


Elev-' 

Depth 

uses 

Classi-f  icat  ion 

0.75-5.0 

Sandy  Clay  (CL) 

Sp.6. 

LL 

PI 

2.71 

30 

13 

TEST  RESULTS 

MATERIAL  DESCRIPTION 

Optimum  moisture  *  13.7  Y. 

Maximum  dry  density  =  113.4  pc-f 

Remolded 

Division  No.:  100845,  4£  Field  Sample  No.  17  &  18 

Remarks: 

Project:  SEVEN  OAKS  DAM 

BARRELS  17&18 

Location:  IMPERVIOUS  CORE 

BENTONITE  BLEND  3-B 

Hole  No.  CBT-&6-34 

(Phase  III) 

Date:  7-15-1987 

COMPACTION  TEST  REPORT 

,  JORPS  OF  ENGINEERS  -  SPDL 

Plate  No.  .5  ft _ 

PHASE  III 


Optimum  moisture  =  14.7  V. 

Maximum  dry  density  =  114.6  pc-f  Remolded 


Jivision  No.  :  100047  Field  Sample  No.  19 

Remarks: 

Project:  SEVEN  OAKS  DAM 

BLEND  5-B 

Location:  IMPERVIOUS  CORE 

BARREL  NO. 19 

BORINS  NO.  CBT-86-34 

(Phase  III) 

Date:  7-13-1987 

COMPACTION  TEST  REPORT 


CORPS  OF  ENGINEERS  -  SPDL 


Plate  No.  -60- 


PHASE  III 


Elev/  U8C8  Nat. 

Depth  Classification  Moist 


7.0-12.0  Clayey  Sand  (SC) 


No.  4  No.  200 


TEST  RESULTS 


Optimum  moisture  m  13.2  Y. 
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Mill  Creek  Impervious  Borrow 
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TIME  IN  MINUTES 


PROJECT  SEVEN  OAKS  DAM  -  Dlv.  No.  100030 


(Mill  Creek  Impervious  Borrow,  Program  2,  Phase  IV) 


DA***  1987 


ENG  2088  a"eVossoleDtIe'ONScONSOUDAT,ONTEST-T,MECURVES  (TRANSLUCENT 


PLATE9§ , PHASE  IV 


Coefficient  of  Perea  utility,  10"  ca/eec 

0.2  0.3  0.40.5  1  2  3  **  5 


20  25 
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..  33 
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x  10*  en/see 
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Dtv.  No.  100030 


enslty  at 


Project  UPPER  SANTA  ANA  RIVER 


Seven  Oaks  Dam,  Program  2 


Aren  Mill  Creek  Impervious  Borrow  (Phase  IV) 


Boring  Bo.  CBT-86-30 


Blend  2A 


5.0’-11.0’  I  Date  Sept.  1987 


CONSOLIDATION  TEST  REPORT 
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project  SEVEN  OAKS  DAM  -  Dlv.  No.  100030  _ 


(Mill  Creek  Impervious  Borrow,  Program  2,  Phase  IV) 


sample  NO  Blend  2A  I  5. O' -11. O'  date  Sept.  1987 


ENG  iFma"M63  2088  areVobsoletl,ONS  CONSOLIDATION  TEST-TIME  CURVES  {transluccnt] 
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project  SEVEN  OAKS  DAM  -  Div.  No.  100030 

(Mill  Creek  Impervious  Borrow, 

AREA 

Program  2,  Phase  1 

LV) 

ffifflSWBESESE  HIBBHEBiSE 

^PTH  5 .  O'  - 11 . O' 

date  Sept .  1987 

ENG  iFmaT«3  2088  a«EeVobsoleteT,ON8  CONSOLIDATION  TEST-TIME  CURVES  (TRANSLUCENT 


PLATE  101,  PHASE  IV 
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reek  Impervious  Borrow 


project  Seven  Oaks 


Div.No.  100035 


dateOc  t  o  b  e  r  1 9  8  7 


ENG  iFmaBvM«3  2088  AHEVOMOLeDTe'°NSC0NS0L,DATI0N  TEST- TIME  CURVES  (TRANSLUCENT 
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TIME  IN  MINUTES 


project  Seven  Oaks  Dam  -  Mill  Creek  Impervious  Borrow 


Div.tlo.  100035  (Phase  IV,  Program  2) 


SAMPLE  N 


oat£)c  tober  1987 


■ 


ENG  rSS^Tm  areVo8solete,ONS CONSOLIDATION  TEST— TIME  CURVES  (TRANSLUCENT 


SMS  pottnoui  imtiom  *m  OMM.ITI. 


CONSOLIDATION  TEST  REPORT 
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l■lllllllllll■■lllllllllll■■lllllllllll 


l■■llllll 


■■iiiiiiiiiii 
l■■lllllllllll 


if 

ii 


lllllllll■■■llllllllll 

lllllllll■■lllllllllll 


l■■■lllllllll■■llllll■llll■■■llllllllll 


0.1  0.2 


0.5  1 


10  20 


TIME  IN  MINUTES 


50  lOv-  200 


500  1000  2000 


project  Seven  Oaks 


i 


,  I  I  DEPTH 

ringno.CBR  S6-29|sample  noB]  end  7A1el  0.0-10.0' 


ENG  /ST-  2088  An£EV08SOLE0TE'ONSCONSOUDATION  TEST-TIME  CURVES  (TRANSLUCENT 


■hiiiiii 

■■HIM 
■lllllil 

■mini 
■■nun 
■Hiiiii 
■lllllil 
■■Him 
■hiiiii 
■■Him 
■■Him 
■■Him 
■■mm 
i^B!IHI!ii 

mwmmmumut 
■■uanimi 


Kill  ml 
piiiiiil 

[■■Him 
[■■Him 
[■■Him 

[■■Him 
■■mm 
■nulls 

■■mm 
■■Him 

I^MBIHIIIM 
mmrsimmium 
[■■■Him 

■■■■mm 

^■■■imm 

piBHIlim 


■■■■■■Him 


■■■■■HIM 

■■mum 
mmmmmixm 

KBIIIIIfil 

■■■■■ssim 
vsSmmiwym 


TIME  IN  MINUTES 
S  10  20 


100  200 


S00  1000 


l■llllllllllll 
l■■HIIIIIIIII 
l■IHIIIIIIIII 
l■■lllllllllll 
■llllllllllll 
■■lllllllllll 


l■lHlm 


III  lllllHSIIIIIHill 
l■IHIIIHHI■■flHllfHIII 
l■■HIIIHIII■UIIIKIHIII 
l■■HIIIHIII■■IHIIIHIII 
l■■HIIIHIIln■■HIIIHIII 
■■■■Mlllllllllll^mil!!!!!!! 

BniHIIIIIIIIHaiHIIIHII^SilllllHIII 
HaiHiiiHiiimiiiH”;;ir4Biiiiiiinii 
■■■■iiiiiiniivasL'iiiiifl^imBiiiiiiSiiii 

mummmnimmMnimmmmmmun 

■■■■IIPflSifimilHIIIK^IlIHRaillllHIII 

■■ssiiiiiiiimaiiiiHiiiiiasaisHiiiHiii 

KaHllllllllimHIIS^HISililBilllllHIII 

■■■IHIIIHIIIHI^miiilllMIIIIIIHIII 

■■■■HiiiHimaioiiiiimiiiiiiiiiiii 

■■■IHIIIHimRaMIIIIIIIIMIHIIIHIII 

■■■iiiiiiiiiiieiiiiiiiiiiiiimiiiiiHiii 

■■■■Hiiiirmviiiiiiiiimaiiiiiiiiiii 

■■■iiumsiiiianiiiiiiiiimaiiiiiiiiiii 

■■■■RSiilir^lK'JHIIIIIIIimBIIIIIIIIIII 

■■■miiiHiiinHiiiiiHiiiHiiiiiiiiiii 

■■■iHIIIMIlirjaillllllllllHIHIIIHIII 

EaiiiiiiiiiiiiimiiiiiiiiiiimiHiiiiiiii 

■■■■H?»:iiiimHiiiiiiiiimiiiiiiiiiii 

■■■■hiiiii'Ihiiiiiiiiiiimihiiihiii 

■■■■aiiiiniiimiiiiiiiiiiiMiiiiiiiiiii 

■■■HllllinillHIIIIIIIIIIIIHIIIIIIIIIIII 

■■KaiiiiiiiHimiiiiiiiiiimiiiiiiiiii 

■■■■IH’IHIII■■■IIIIIHIII■■■IIIIIHIII 

■■■■IIHIIIIIIHIIIIIIHIIIHIHIIIIIIII 

■■■iiniiiiiimiiiiiiiiiiimiiiniimi 

■■■■^IIIIIHMBRUS^SSSiMaSSi^BSiiiiillill 
■■SF.SSL'iiliilHaiHIHHIHBHHIIIHIII 
■■KJIIIIIIIIIIHIIIIIIIIIIIHIHIIIIIIII 
■■UIIIIIIIIIIIHBIIIIIIIIIIIHHIIIIIIIIIII 
■■■IHIIIII[IIHIIIIIIIIIIIHIHIIIHIII 
■aHiiiiiiiimaiiiiiiiiiiiHiHiiiiiiii 
QraBIHIIIHIIIHIIHIIIIIimilHIIIIIIII 
■■■IHIIIHIII■■■HIIIHIII■■■IIIIIHIII 
■m■■■lllllllll■■■Hll!«!lll■■■■llHlllll 
|■■■■IIIIIIIH■■lllllililll■■■IIIHHIII 
■■HIIIHIII■■IHIIIHIII■■IIIIIIHIII 
■■HIIIHIII■■■lljllHIII■■■HIIIIIIII 
■IHIIIHIMHH  IIHIMHHIIIIIIII 
■■llllllllll■■■llfillllll■■■llllllllll 


0.5  1 


10  20 


TIME  IN  MINUTES 


50  100  200 


500  1000  2000 


project  Seven  Oaks  dan  - 


Div.No.  100035 


BORING  N 


SSESS3I5SHBI 

ample  NO  BJ  er.  d  7 

SI 

DEPTH 

EL  O.O'-IO.C’ 

ENG  ,fM°rY«  2088  a"eVobsouete,ONS  CONSOLIDATION  TEST-TIME  CURVES  (translucent] 

PLATEI10  .PHASE 


DEFORMATION  IN  10  INCHES 


1IML  IN  MINUTl.S 


iiiiiiii 

■■■■in 
■■Hill 
iEiSHIII 


l■lllllllllll■■■lllllllllll 


IIIIIII 


1000  2000 


mill 


miiiniiiiiHiHiiiiiiiiimaiiiiiiiiiiii 


l■■llltl■lllll 

l■llllllllllll 


lllllllllll■■■llllllllll 

IIIIIIIIIIUMIIIIIIIIIII 


iZ'iiliilSPHIllllllllllHIIIIIIIIIIIHIIIIIIIIIIII 


^!ii!iiiiii@saiiiiiiiiimiiiniiiiii 


illlinimHi 


PKiS!l!105Hllli^lllHIIIIIIIIIII 
^^■■■mHllllliUiS'llllllllllliSlIIIIIIIIIIII 
lllllllimiifiSi;£5SIHIIIIWiifiS*MIIIIIIIHSSIIIIIIIIIl| 


1 1> 


an! 


pnillllll 

kSMIlllll 

pgiasmiii 

laiiiiin; 


miiiiiii»;:9! 


llt2lii!!9J!ll| 


miiiiiiiiii*aurriiiiiii:5iiiiiiiiiii>:0H 
IIHnillllll^55Hlll£2!!ll9i9HllllllllllfiE 


miiiiiiniiHiiiiiiiniiiiis 


511 


HiniiiiiiiHiiiiiiiiiiiniiiiiiiaisiii 


IrSlMIIIIIKSHIIIIIIIIimillllllllllMIIIIIIIIIII 


mini 

l■■llll 

IIIIIII 

IIIIIII 

mini 

IHIIII 

IIIIIII 

IIIIIII 

mini 

mini 

mini 

mini 

mini 

mini 

mini 

iiiiiii 

mini 

mini 

IIIIIII 

IIIIIII 

IIIIIII 

IIIIIII 

IIIIIII 

IIIIIII 


i&l'iiiiiiiiiimiiiiiiiiiiihiiiiiiiiiii 

■iiiiiiisiiiiHiniiiiiiiiiBiiiiniiinii 

EiiinniiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiii 

illllllllllllBSHIIIIIIIIimillllllllll 


IliiMIIIIIIIII 


^IIIIIIIHIIIIIIIIIIII 


^KWiiimiiiiircHiimiiiiiiinii 
miniiis*!i!@5Hniiiiiii^iHiiiiiiiii 
miniiiiiifsiiiiiiiiiiiiHisiiniiiiiii 

milllllllllBiiSIIIIIIIIIIIHI^SIIIIIIIII 

miniiiiiimi^iiiiiiiimiiii;a9!ii 

miniiiiHiniiiiiisniniiiiiiiiiiii 

miniiiniiHiiiiiiiKsuniiiniiiiii 

miiiiiiniiniiiiiiiiiiiissiiiniiiiiii 


mllllllllll■■■llllllnlll 


raiiniiiiil 


miiiiiiiiiiimiiiiiiiiiiiimiiifei!!iiin| 
miniiiniimniniiiniimiinimsii] 
miniiiniimiiiiiiiiiiimHiniiiiiii 
miniiiiiiiHiiiiiiiiiiiHiiiiiiiiiii 
l■lllllllllll■■lllllllllll■■■llllllllll 
l■lllllllnll■■lllllllllll■■■llllllllll| 

miniiiniimmiiiiiiiimiiiiiiiniil 
iniiiiiiiiiimiiiiiiiiiiiimiiiiiiiiiiiil 
miiiiiiiiiHiiiiiiiiiiimiiiiiiiiiiil 


iiniiinii 

iiiiiiinn 


mmmmiiiiiiiiniimiiniiiiiii 

l■■llllllllllm■■llllllllll■l■■lnlllllll| 


iiiiiiiii 


■iiniiiniii 
iiiiiiiiiiiiii 


Hill 

Hill 


iiiiiiiiimiiiiiiiiiiiii 

■niiiiimiiiiiiiiiiiil 


iiiiiifiiiiimiiiiiiiiiiiimiiiiiiiiiiiil 


0.1  0.2 


5  10  20 

TIME  IN  MINUTES 


50  100  200  500  1000  2000 


n  Oaks  Dam  -  Mill  Creek  Impervious  Borrow _ 

\  Dlv.No  100035  (Phase  IV, Program  2) _ _ 

DEPTH  " 

boringncCBH  86-29  Isample  no  Blend  7AIel  O.O’-IO.O1  [date  Qc  t  obe  r  1 9  87 
ENG  .FmaT83  2088  areVobsolete'ONS CONSOLIDATION  TEST-TIME  CURVES  (translucent) 


■■■kinii: 


I  IMfc  IN  MINUTES 
5  tO  20 


tOO  200 


500  1000  2000 


i^ainil 

misiiisr 


iHlIIII 

m£2!l 

(■■llll 


111111111 


gwiiiiiiaiiiii 

Hbiiiiiiiiiiii 
■■llllllllllll 

|liSiii2£iS!!!HI 

■llllllllllll 
fillllllllll 
■■llllllllllll 
BifiS^IIIIIIIIIII 
■■■iiijsiBiKm 
■■■llllllllllll 
■■■llllllllllll 
■■■llllllllllll 
■■Smillllllll 
■■■lli''!9lllll 
■■■■HlllllL'iS! 

■■■llllllllllll 
■■■llllllllllll 
■■■llllllllllll 
■■■llllllllllll 
■■■■1111111111 
■■■■IKiiSIIIII 
■■■llllllllks.'! 
■■■llllllllllll 
■■■llllllllllll 
■■■llllllllllll 
■■■llllllllllll 
■■■llllllllllll 
■■■llllllllllll 
■■■llllllllllll 
■■■llllllllllll 
■■■llllllllllll 
■■■llllllllllll 
■■■llllllllllll 
■■■llllllllllll 
■■■llllllllllll 
■■■llllllllllll 
■■■llllllllllll 
■■■lllllllllll 
■■■llllllllll 
waMiiiiimn 
PlHIIIIIIIIl 
■llllllllll 


■lllllllllll■■lllllllllll 

■lllllllllll■■■llllllllll 

■■lllll■llll■■■llllllllll 

■lllllllllll■■lllllllllll 

■lllllllllll■■lllllllllll 

■iiiiiiiiiiigasmiiiiiui 

■psiftf’IIIMIIIIIIIIIII 

■illlllllllllilSSIB!!!!!all 

■lllllllllll■■lllllllllll 

■lllllllllll■■■llllllllll 

■lllllllllll■■lllllllllll 

31P«IlIffg.l«lllllllll 

■■IlliiOSillMHIIIIIIIIIII 

■lllllllllllfeiSIBi^SS&!llllll 

■IIIIIIIIIII■■■IIIIIIUII 

■lllllllllll■■lllllllllll 

■lllllllllll■■lllllllllll 

iiss^iiiiiiiimiiiiiiiiii 

■miii^«ll&^5lllll|ll 

■iiiiiiiiiiiisssiiiiiiiiiii 

■iiiiiiiiii!niiis:!!;sii 

■lllllllllll■■lllllllllll 

■lllllllllll■■lllllllllll 

■■lllll■llll■■■■lllllllll 

■■llllllllll■!■■lllllllll 

■s*miiiiiiihiiiiiiiiiii 

■iiiiiirt^iiisasiiiiiiiiii 

■iiiiiiiiiiifsiaiiiiiiiiiii 

■■llllllllll■K§9lllllllll 

■■llllllllll■■■lll|ISf:9l 

■lllllllllll■■■lllfllllll 

E■lllllllllll■■lllllllllll 

l■lllllllllll■■lllllllllll 

l■lllllllllll■■lllllilllll 

l■■llllllllll■■■llllllllll 

l■■llllllllll■■lllllllllll 
l■■llllllllll■■lllllllllll 
l■■■lllllllll■■■lllll■llll 
l■lllllllllll■■■llllllllll 
■lllllllllll■■lllllllllll 
llllllllllll■■lllllllllll 
l■!lllllllll■■■llllllllll 
■lilllllllll■■llllKllllll 
l■lllllllllll■■lllllllllll 


0.1  02 


0.5  t 


»0  20 


TIME  IN  MINUTES 


50  100  700  500  tOOO  2000 


project  Seven  Oaks  Dam  -  Mill  Creek  Impervious  Borrow 


Div.No  100035 


boring  noCBH  86-29 

sample  noB lend  7 A 

DEPTH 

EL  0. 0-110.0' 

DATE  Octoborl987 

ENG  iFmaRyM83  2088  areVo8soiEeCteONS  CONSOLIDATION  TEST-TIME  CURVES  (TRANSLUCENT 


05  1 


I IML  IN  MINI)  I  Ll» 
5  10  20 


50  100  200  500  1000  2000 


■iiiiniiiimiiiiiiiiiiiHaiiiiiiiiiii 

eillllllllllB»lllllllllllH»llllllll1l 

IflllllllllllfiHIlllllllIMflflllllllllll 

■■llllllllllHiHlllllllllllHiHlllllllllll 

flflllllllllllHBIIIIIIIIlIBBBflllllllllll 

■■lllllllimHIIIIIIIIIIIBIHIIIIIIIIIII 

BBIIIIIIIIIIHiBBIIIIIIIIMBflllllllllll 

BBIIIlllllllMBIIIIIIIIlIBBBflllllllllll 

BIIIIIIIIIIIBifllllllllllllfliBIIIIIIIIIII 

BBIIIIIIIIIIHBIIIIIIIIIMBIIIIIIIIII 

BIIIIIIIIIIIBIBIIIIIIIIIIIBiBailllllllll 

BBIIIIIIIIIIHBflllllllllllBHBflllllllllll 

BllllllllllimilllllllllMHIIIII^II 

BfllllllllllMflflllllllllllMBIIIIIMIII 

BBIIIIIIIIIIHBIIIIIIIIIIBMflllll’UHl 

BlllllilllllflflBBIIIIIIIIIIBBBIIII2!illlll 

BBIIIIIIIIIIBIBIIIIIIIIIIIHBPir^Silll 

BBIIIIIIIIIIfllBflllllllllll«SB^IIIIIIIII 

■BIIIIIIIIIIHIIIHKrilllBB^llllllllll 


IBBIliiH 
IBBIIIIIB1 
IBBIIHIBi 
IBBIIII1H 
IBiaillIBi 
IBBIIIIIB 
IBBIIIIIB 
IBIIIIIIK 
IBBIIIIIBl 
IBIIIIIK. 

IBBIIIIIBl 
IBBIIIIIBl 
IBBIIIIIBl 
IBBIIlim 
IBBIIHIBi 
IBBIIIIIBl 
IBBIIIIIB 
IBBIIHIBi 
IBBIIlim 
IBBIIIIIBl 
IBBIIlim 

iBBiiiiimMBHiiiiiiL'iar 

IBBIIIII^SsBBnSS^iiiriittBlllll’itllllBIBBIIIIIIIIIll 


Iflfllllllllllll 


;yiiiiuii^Bimiii!f;ii 


^^BBllll>< 

MBBBF^ilii 

■B^BBIIIIII 

SBfliflfllfllHI 


i;o 


ifllllll 


mimmmmnmm 


riiiniiiiiwpaiiin^iiiBiBBiiiiiiiiii 

|  flllllllllll 

■■■■■■■■■■■■■■bbiiiiiiiiii 

BBiflR9SSii^aiBBIIIIII!>ilBBflflyillllllllinBflllllllllll 
IBBBiilllllBBifllBBIIMSlIlllfllBBIIIIIIIIIIBflBBIIIIIIIIII 
!&lBBIIIIIBBBBBISiillllllB!5lflllHIIIIHBmilllllllll 
IBBBIIIlIBBBBBmillllllimBBIIIIIIIIHBBBIIIIIIIIII 
IBBBIIIIIZBIB&ailllllllllBBBIIHIIIHIBBBIIIIIIIIII 
■BBiiiliamMBBHIUBIKiBBBBUIIlIHUBMIlHIBIIIl 
^^^■HjBBIIIIIIKiilBBBBIIIIIIIIIIHBBIIIIIIIIII 

• :  |i;  JIlifB  •  ,  II  II  flllllllllll 
II  MIIIIIB  II  ll  lllllllllll 
II  SillSi  IIBBBII  llill  IIBII  HIIIIIIIIIK 


HBBflllll^ 

■BBBBBffi^SIIII 

HBIRSBIIIIII 

sanBiiiiii 


■BHHBHrillllllllllflBBBIIIIIIIIIIflBBBIIIIIIIIII 
iBfllllll^ZKBflllllllllllBBBBIIIIIIIIIHBBBIIIIilllll 
IBBIIIIIK4BIIIHIIIIIIBBIIIHIIIIIIBBBIIIIIIIHI 
IBliliPMMBBIIHIHIlIBBBBIIIIIHIlfBBIIIIIHIII 

■>JSi'>ISS')niMK»iiiiiiiiiafltS]lllllllll 

IBBIIIIIIIIIIBBBBIIIJIIIIIIIBIBBIIIIIIIIII 


0.1  0.2 


iBiiiiii 


0.5  1 


10  20 


TIME  IN  MINUTES 


50  100  200 


500  1000  2000 


project  Seven  Oaks  Dam  -  Mill  Creek  Impervious  Borrow 


Div.No  100035  (Phase  IV,  Program  2) 


TH0.0'  — 10.0*  |OATE0ctoberl987 


ENG  ****** 3  2088  Aa£Vo^LE°TET'ONS  CONSOLIDATION  TEST- TIME  CURVES  (translucent; 


PLATE 


Coefficient  of  Permeability,  k^y  10  cm/tec 
0.1  0.2  0.3  0.IKX5  1  2  3*5 


20  25 


■iSI 


iiSS!3!!EI!!!lll 


iSSsSS!  ■uaaii 


o.i  o.2  0.3  o.k  0.5  l  2  3*5 

Pressure,  p,  T/sq  ft 


Type  of  Specimen 


Before  Teat 


10  20  25 


After  Teat 


IB3S39HI 


Overburden  Pressure,  Po 

T/sq  ft 

Precausol.  Pressure,  pc 

T/sq  ft 

Compression  Index,  C. 

■w*a  Div.No.  100050 


Keuolde 


•t  •  »  x  10*  ca/aec 


Project  Seven  Oaks  dara 


Mill  Creek  Impervious  Borrow 


299$  MMVWMI  COITIOM  AM  OtOitTt. 


CONSOLIDATION  TEST  REPORT 


PLATEU5, PHASE  IV 


DEFORMATION  IN  to  INCHES 


0.5  1 


■■Him 
■■■mu 
■■min 

■■■mu 
■■■■■mu 

Bwmiiiii 

Bmcpiim 

BiaBHiii1 

pSaaimii 

Emhiih 

BBfSgmil 

Bwiiil 

■■■■■■ml 

ESmIIIIII 

ISmiiiii 

[■niniiii 
H^amiii 
wm+mn 

■i 

in 

■■■niii 
■■■iiiii 

■■■mu 
■■■iiiii 
■■■mu 

■■■IIIII! 
■■■IIIII 
■■■IIIII 

■■■iiiii 
■■■iiiii 
■■■iiiii 
■■■iiiii 
■■■iiiiii 
■■■iiiii 
■■■mu 
■■■iiiii 
■■■iiiii 
■■■iiiii 
■■■iiiii 
■■■iiiii 
■■■iiiii 
■■■iiiii 


TIME  IN  MINUTES 
5  10  20 


50  100  200  500  1000  2000 


■lllllllllll 

imiiimiii 
iminmiii 


l■mlllllll■■mlllll 
IIIIIIIIIIIIH 
lmllllllll■■mlllll 
IIIIIIIIIIIIH 

imiiiiiiiiHmiiiii 

pin 

liiiiiiii 

^^^^^^■imiiii 

:aamiiiiiiiiHamiiiii 
«2siiiimiiBBmiiiii 
^■■■miiairimmiiii 
SSMIllllllllllKfRIIIIIII 
BSffmiiimiiHim'im 
inHfiHMimiiHmiiifti. 

l■■■mllS•E:!■■■mlllli 
■amiiimiife^miiiii 
■■■mlllmll■■■lis!!ll■ 

^■■■mlllllll■■■mlllli 
::9HiiiiiiiiiiHmiiiii 
(■liSSillllllllHBIIIIIIII 
IAEaihiiS!.MIHIIIIIIIII 


■■■JiaiiiiKsamiiii 
l■■mlllnliBS■l■l:!>l■l 
l■■mlHIIII■■■i»!!!lllii^3 
l■■mlllllll■■■lllllfci■■i 


■■iiiiiimii 
■■■miiiini 
■■iiiiiimii 
■■■miiiini 
■■iiiuiiiiii 
■■■miiiini 
■■iiiuiiiiii 
■■■miiiini 
■■iiiuiiiiii 
■■■miiiini 
■■■miiiini 
■■iiiuiiiiii 
■■■miimii 
■■iiiuiiiiii 
wcmiuiri” 
■■mainim 
■■iiiiiin.il 
■■■miimii 
■tiSPSIIIHIW 
■■■IlliiSIUI 
■IIIUIIIIII 

■■miiiiiii 
■■miiiini 
■■■iiiihiiii 

inHmiuirn 


l■■mllllllll■■■llll 

l■■■mllllHl■■mll 

l■■■mlllllll■■■llll 

l■■■mlllllll■■■ml 


ii 

ii 

ii 

ii 


l■mlm 


l■■mlllllll■■■mllll 
l■■mlllllll■■■lllllll 
l■mlllmll■■■mllll 
l■mllllllll■■mlllll 
l■■mlllllll■■■lllllll 
l■■mllmll■■■mllll 
l■mllimll■■lmllll 
l■■mllmll■■■mllll 
l■■mlllllll■■■mllll 
l■mlllmll■■■mllll 
l■■mlllllll■■■mllll 
l■lmllmll■■■mllll 
l■■mllmll■■■mllll 
l■mlllmll■■■mllll 
■mlllmll■■lmllll 


0.1  0.2 


0.5  1 


5  10  20 

TIME  IN  MINUTES 


50  100  200 


KIS:!!!!?II 

Dillllllllll 

■kliS!!RH]] 

■■iiiiiiihii 

■■miimii 

■■miiiini 

■■iiiihiiii 

■■miiiini 

■iiiuiiiiii 

■■iiiihiiii 

■■IIIIHIIII 

■■IIIIHIIII 

■■IIIIHIIII 

■■IIIIHIIII 

■■IIIIHIIII 

■■IIIIHIIII 

■lllllllllll 

■■IIIIHIIII 

■■IIIIHIIII 

■■IIIIHIIII 


600  1000  2000 


Impervious  Borrow 


SAMPLE  N 


I  DEPTH  I 

cl  7.  O’ -12.  O’  Idate  OcL.  19  87 


ENG  ,Fm  aT«3  2088  a"EeVo8sole°tJ,ONS  CONSOLIDATION  TEST-TIME  CURVES  (TRANSLUCENT 


PLATE  tl*  .PHASE  IV 


TIME  IN  MINUTES 

01 

0.2 

0.5 

1 

2 

5  10  20 

50 

100  200 

500  1000  2000 

IHBIIIIIII 

(■■1111111 

llliBijiiii’j 

IbBZH!!*! 

>■■1111111 

>■■1111111 

!!”i«lllllll 

■■■n^asri 

>■■1111111 

>■■■111111 

>■■■111111 

IfciSPIIIHI 

>■■■111111 

>■■■111111 

>■■■111111 

inaiiuiii 

mismiii 

!■■■: 

(■■■mu 

>■■1111111 

l■■■lll»l 

raaiiimi 

l■■■lll»l 

l■■■lll»l 

l■■■lll»l 

l■■■lll»l 

l■■■lll»l 

l■■llll»l 

naiiniii 

l■■■lll»l 

l■■■lll»l 

l■■■lll»l 

l■■■lll»l 

(■■■111111 

l■■■lll»l 

>■■■111111 

l■■■lll»l 

l■■■lll»l 

l■■■lll»l 

l■■llll»l 

l■■lllllll 


l■■lllllilll»l 

>■■111111111111 

fsaiiiiiMiiiiii 

>■■■111(111^11 

>■■111111111111 

l■■■llllilll»l 

l■■■ll»lll»» 

LBiSSlIP'lllllll 

(■■■■ikiiHiL::! 

>■■■11111111111 

>■■■11111111111 

>■■■11111111111 

:mniiiiii»i 

!■■■  ^S!FP||||»I 
l■■lllklii^MI 

naiimiiiiiii 

>■■■11111111111 

>■■■11111111111 

■■■■iiiiiiiiiii 

.^■iiiiiiiiiii 

IH*:'UIIIIUI 

l■■lll■diS!M» 

>■■■111111111!: 

>■■111111111111 

>■■■11111111111 

>■■■11111111111 

■■■■■■IIIIIIIIIII 

>■■■11111111111 

l■■■llllllll»l 


>■1111111111 

l■llll»llll 

l■■ll»lll» 

l«lll»lll» 

(■ikJliirS! 

>■1111111111 

>■1111111111 

l■llll»llll 

'IIIIIIIIIII 

>■1111111111 

>■1111111111 

>■■111111111 

>■■111111111 

>■■111111111 

.55MIIIIIII 

>■■■1111^011 

>■■111111111 

>■■111111111 

>■■111111111 

l■■llllfllll 

>■■111111111 

'9IIIIKIIII 

>BSfllllllll 

■■■iiiiir^n 

>■■111111111 

>■■111111111 

>■■111111111 

■■■iniiiiii 


l■■lll»l 


HIIIIIIIIIIIHBIIIIIIIIII 
l■■lll»■lll«■■■ll»■lll 
l■■IIIIIIIIK■■■lll»llll 
l■■llllllll»■■llll»llll 
l■■lllll■llll■■■lllllllll 
l■■llllllll»■l■■■ll»llll 
l■■llllllll»■l■llll»llll 
l■■lll»IIIK■■■lllllllll 
l■■llllllll»■■llll»llll 
l■■lll»■ll»H■■lll»l■ll 
l■■llllllllll■■llll»llll 
[S■lll»lll»■l■llll»llll 
■■IIII1IIIIIR»IIII»I!II 
■■■ll»lllll■l■■lll»lill 
l■■llllllll»■■llll»llll 


■■■mi 
■■■■in 
■■■llll 
naiiiii 
fefS&iSiii 
VIBRIIII 
■■kifiii 
■■■mi 
■■■mil 
■■■mi 
■■■mi 
ItfKRIIII 
■■■mi 
■■■mi 
■■■mi 
■■■mi 
■■■mi 
■■■mi 
Lisruii 

■■■■III 

■■■mi 
■■■mi 
■■■mi 
■■■mi 
■■■mi 
■■■mi 
sainii 
■■US!!! 
■■■mi 
■■■mi 
■■■mi 
■■■mi 
■■■1111 
■■11111 
■■■mi 
■■■nil 
■■■nil 
■■■ini 
■■■ini 
■■■ini 
■■■ini 
■■■ini 

■■■mi 

■■■ini 
■■■ini 


min 

min 

mm 

ILU.f 

mil 

\mn 

;«:» 

mm 

mm 

mm 

mm 

lUillill 

lllall 

llllll 

mm 

iiiiiii 

mm 

iwm 

mm 

liMI 

mm 

mm 

mm 

Iiiiiii 

iiiiii 

min 

mx 

iiiiii 

iiiiii 

iiiiii 

iiiiii 

iiiiii 

iiiiii 

iiiiii 

IIIIII 

iiiiii 

iiiiii 

iiiiii 

iiiiii 

iiiiii 

iiiiii 

iiiiii 

iiiiii 

mm 

iiiiii 


0.1  0.2  0.5  1  2 


5  10  20  50  100  200  500  1000  2000 

TIME  IN  MINUTES 


inojrcT  So  von  0 


Mv.No.  1000  !>Q 


BH  8f  -38 


DATE  Oct.  1987 


ENG  iF*a"Ms3  2088  aaeVobsoiEeDte  ,0NSCOW8OLIDATIOW  TEST- TIME  CURVES  (TRANSLUCENT 


DEFORMATION  IN  10  INCHES 


0.5  1 


TIME  IN  MINUTES 

5  10  20  50  100  200  500  1000  2000 


l■■llll!lllll■■lllllllllll■■■llllllllll 

l■lllllllllll■■lllllllllll■■■lllllll■ll 

l■lllllllllll■■lllllllllll■■lllllllllll 
iBiiiiiiiiiiiniiiiiiiiiiiniiiiiiiiiiii 
■  IIIIIIIIIIIIHIIIIIIIIIIIMIIIIIIIIIII 


iiiiiiiiimBiiiiiiiiiiii 


iiiiim 

■■■■mi 

IHIIIISI 
IH111III 
■■■81111 
IHIIIill 
■■■11111 
■■■Hill 
■■llllll 
■■■nil 
■■Hill 
■■Hill 
■■■■III 
■■Hill 
(■■ini 
■■■Hill 

■■iiiiii 

l■■lllll 

■■iiiiii 

EBIIIIII 
>■111111 

ISIBUlIQBBiailllllllKIIIWaiBEufiilP^flllHBBBIIIIIBIIII 


l■lllllllllll■■■llllllllll■■■llllllllll 

l■■llllllllll■■■llllllllll■■■llllilllll 

rHiiiiiiiiiimiiiiiiiimmiiiiiiiiii 

I■IIIIIIIIIII■■IIIIIIIIIII■■IIIIIIII7'T 

l■lllllllllll■■lllllllllll■■■IIIIIIIMl| 

l■lllllllllll■■lllllllllll■■■llllll^d 

l■lllllllllll■■lllllllllll■■■IIIP!*illl 

l■lllllflllll■■lllllllllll■■■l£^■’flllll| 

iBmiiiiiiiinmiiiiiiiinsiisiiiiiii 

iBmiiiiiiiinmiiiiiiiiKBmiiii^ 

IBmilllllllHIIIIIIIIII’MBUIIP!*!:il 

l■■glllllllll■■llllllr2illp«^£l»lllllll 

■■■iiiiiiiiMKaakiisibiiiir/jB^iiiiiiiiiil 

|BmiiiiiiiiMmiiiE"a?it*niiiiiiiiiii 


IflEillllll 

^Hll 


■■iiiiiiiiMKBiiiiiiiiiiimiiiiiinii 
iBmiiiii^iMittiiiiiiiiHiiiiiiiiiii 

■j 1.IIMIM23IIIIIIIIIIMIIIIIIIIIII 


IHBIIIIIHPK^  ^IIIIIIIIIIKJlIllllllllllHiBllllltlllll 
■■■IIIIHBgBlllllllinHBIIIIIIIIIIimilllllllll 
IMBB8IIi.J»BBBBIIIIIieailHIBI8llllllll«BB8lllllllll 


■BSIIII 
IQBIISil 

■bum 

IRBIIIII 


IBBIIIIEilllllHiBBIIIIIIIIIIHiBlllllllllll 
IBIMUIIMinillllllllllMIIIIIIIIIII 
■CilllllllllimillllllllIBBIIIIIIIIIII 
l&illllllllllMIIIIIIIIIIHIIIIIIIIIII 


■SiHBIIIIIIBM^lBIIIIIIIIIIIHBIIIIIIIIIIIHBIIIIIIK^^ 

^B■i■■■IIIIIK•■■■■llll■llll■■■■lllllllll■■■■IIIIIPill 

■■■■■■IM'MHIIIIIIIIIIIHIIIIIIPIIIIMBPIMiillll 


sasi'i  hi 
mwA  mi 
ir.fliiin 
■■uni 
IBIIIII 


IBIIIIHI 


!B"!!!;:SSiiiBfliiiillfelimBillllllllll 
■flllllllllll■■lllllllllll■■■llllllllll 
■■llllllllll■■lllllllllll■■■llllllllll 
■■llllllllll■■lllllllllll■■■llllllllll 
■lllllllllll■■lllllllllll■■■llllllllll 
■lllllllllll■■lllllllllll■■lllllllllll 
■■lllllllllimBBIIlllllllIHlBIIIIIIIIIII 
■lllllllllll■■lllllllllll■■■llllllllll 
■lllllllllll■■lllllllllll■■lllllllllll 


0.1  0.2 


5  10  20 

TIME  IN  MINUTES 


50  100  200  500  1000  2000 


PROJECT 


Imcerv i ous  l>o r r ow 


PLENQBlend  6A|el  7.0’-l2.V  lOAT^)ct.  ’.987 


ENG  ^£*3  2088  AnEVOBsoLtDTLIONS  CONSOLIDATION  TESTTIME  CURVES  (TRANSLUCENT] 


PLATE  lit  .PHASE  IV 


0,1  0.2. 


TIME  IN  MINUTES 
.5  .10  ,20 


200  500  1000  .  2000 


■Mill 
■Mill 
■Mill 
■Mill 
■Mill 
■Mill 
■Mill 
■Mill 
■Mill 
■Mill 
■Mill 
■Mill 

wmm i 


iiiiiiiiii 

iiiiiiiiu 

iiiiiiiiii 

iiiiiiiiii 

IIIIIIIIII 

IIIIIIIIII 

IIIIIIIIII 

IIIIIIIIII 

IIIIIIIIII 

IIIIIIIIII 

IIIIIIIIII 

IIIIIIIIII 

IIIIIIIIII 

IIIIIIIIII 

IIIIIIIIII 


iiflfis^llllll 

IHHMift! 

■■11111111! 

(■11111111 

IHIIIIIII 

l■lg■lllll 

iSiiiiuii 

■■■1111111 

1^1111111 

l■Mlllll 

1111111111 

1111111111 

l■■lllllll 

l■llllllll 

1111111111 


■■■IIIIIIIIII 

i^emiiihiii 

IlSHMIlllllllll 
■PIS!!!!?3II 
111111111111 


iniiiii 
Ihiiii 

l■MII 

■■■llll 

l■■llll 


lllll 

lllll 

lllll 

lllll 

Hill 


■■IIIIIIIIII 

■■IIIIIIIIII 

■■IIIIIIIIII 

■■IIIIIIIIII 

■■IIIIIIIIII 


0.1  0.2  0.5  1  2 


5  10  20  50  100  200  500  1000  2000 

TIME  IN  MINUTES 


PROJECTSeven  Oaks  Dam  -  Mill  Creek  1 


Div.No  100050 


ENG  2088  ARtVoosoLL°Tc10NS  CONSOLIDATION  TEST-TIME  CURVES  (translucent] 


PLATE  120  PHASE 


400- 


■llllli 

■■mini 
■■uiiiii 

iS3B52!!!!?! 

illllllllll 

IMSHSIIIII 

miiiim 

■*■■1111111 

ittaK'iiiiu 

IHHIIKS!II 

l■■■llll;* 

■■■■111111 

■■■■111111 

■■■■mill 

■■■■■iiiii 

■■■■iiiiii 

S^lBIIIIIII 
■■5IIIIIII 
IMkiii'SIIII 
■■■■llll^ 
■■■■IIIIII 
■■■■IIIIII 
■■■■IIIIII 
■■■■IIIIII 
■■■■IIIIII 
■■■■IIIIII 
l■■■llllll 
■■■■IIIIII 
l■■■llllll 
l■■■llllll 
■■■■IIIIII 
l■■■llllll 
l■■■■lllil 
l■■■llllll 
■■■■111111 
■■■1111111 
■■■■IIIIII 
■■■■IIIIII 
l■■■llllll 
■■■■IIIIII 
■■■IIIIII 


■■1111111 


fimiiiniiil 
iiiiiini 

Hilling 

■■■miiiiiiiii 

ESsiilii^iSS^I! 

■■■■Illllllllll 

■■■■Illllllllll 

■■■2flSS^!!IIMI 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

■MBSmillllllll 

■■■lii:>!i|JIII 

■■■llllllll^ii 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

■■^^Illllllllll 

■■■■li^isillli 

■■■■UIIIII^;! 

■■■■Illllllllll 

■■■■Illllllllll 

■■■IIIIIIIINII 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

■■■■Illllllllll 

^■■■Illllllllll 

HShmiiiiiiii 

■■iiiiiiiiiil 


■■OiniliiTIiiMfiliTiTiTiTil 

[■■iiiniuhmiiiiiiiiiiiI 

E■■llllllllll■■■llllllllll| 

■isiiiiiiiiiiiisuiiiiiiSI 

■■gllllllllll■■■lllll■ikll| 
■^illllllllll  ■■■iiiiiiiiiil 
kSS^IMIMIIKaZlIlllllllll 
■■■lllllkilii^S?Hllllllll| 
■■■llllllllll■■Ulll^i^S:l 
■■■llllllllll■■■llllllllll| 
■■■llllllllll■■■llllllllll| 
l■■llllllllll■■■llllllllll| 
r*miiiiiiiiHiiiiiiiiiii| 
■■iisiin:s?iii@aeisiiiiiiii| 
■■■lllllllllf^SIHIIIIIIIIIll 
■■■iiiiiiiiimiiiis:!!r:?ii| 
■■lllllllllll■■■lllllllllll 
■■■llllllllll■■■llllllllll| 

■■■llllllllil■■■■llll■lllll 

■■lllllllllll■■■llllllllll| 

■■■■llll■llll■■■lllll■lllll 

simiiiiiiiiHiiiiiiiiiiil 

■■S^IIIIIIIIHIIIIIIIIIIll 

■■iiiii  gumumiiiiiiii 
■■IIIII  IIIIISISSIIIIIIIIIll 
■■IIIII  lllll■■BliS!!ll!ll 

■■iiiii  lllll■■■lllllll8il 

■■mllllllll■■■llllllllll| 

■■■llllllllll■■■lllllllllll 

■■■lllll!llll■■mllllllll 

■■■lllllillll■■■lllll■llll| 


TIME  IN 


project  Seven  Oaks  Dam  -  Mill  Creek  Impervious  Borrow 


Div.No  1000 


DATEOctoberl987 


MBWBBSESBBBBBBSSSBBKil 


ENG  tSnn  2088  a"  eVobsou e°teIONS  CONSOLIDATION  TEST- TIME  CURVES  (TRANSLUCENT 


TIME  IN  MINUTES 
20 


200  SOC  JOO  2000 


■■linn 

■■niiiii 
l■■nlll|• 
IPHSfrSiiii 
maniiiii 
l■■nlllll 
l■■nlllll 
l■■nlllll 
l■■nlllll 
l■■■llllll 
l■■nlllll 
l■■■llllll 
l■■■llllll 
l■■nlllll 
■■■■111111 

■■§■■■11111 

IHBIIIIIII 

■■■■■■iiiii 

■■■■■iiiiii 

l■■lllllll 

■■■■Him 

■■■■■inn 

■■■■iiiiii 


iSSum 


!Siil!!BBMiXRiii5«Hiii^ 

l■■lllll■llll■■■lllll■9ll!f9lS!^■SSiiil^ll 

IF'SioiiLiiMlUimilllllHIIIIIIIIIII 

l■llllll■llll■»se^llllllll■■■llllllnll 

l■■lllll■llll■■■lllll■llll■■■llllllnll 


iinilllllllii 

iMIlilillllil 


lllllllllll■■■llllllllll 

iiiiiiiiiiiHaiiiiiiiiiiil 


l■■llllllllll■■■llllllllll■■■llll(lllll 

l■■llllllllll■■■llllllllll■■■llllllllll 

l■■lllll■lnl■■■lllll■llll■s■llllllnll 


l■■lllll■lllll 

l■■lllll■lnll 


■niiiiiiin 
l■■llllllllll 


■■llllllllll■■nlllllllll■■■llllllllll 

■■llllllllll■■■llllI■llll■■■llllllllll 

■nlllllllll■■■llllllllll■■■llllllllll 

■■llllllllll■■■lllll■llll■■■lllllll■ll 

■■llllllllll■■■llllllllll■■■lllll■llll 

■■llllllllll■■■llllllllll■■■llllllnll 

■■lllll■llll■■■llllllllll■■■lllll■llll 

■■lllll■llll■■■lllll■llll■■■llnllllll 

■■■llllllllt■■■llllllllll■■■lllll■llll 

■■■lllllllll■■■■lllllllll■■■l■llllllll 

■■■llll■llll■■■llllllllll■■■lllll■llll 

■■llllllllll■■nlllllllll■■■llllllllll 


0.1  0.2 


5  10  20 

TIMf  IN  MINUTES 


50  100  200 


500  1000  2000 


PROJECT 


Creek  Impervious  Borrow _ 


Div.No  100050  (Phase  IV,  Program  2)  _ _ _ 


gr™  5 . 0  f  -  t  1.0’  |0ATEOctoberl987 


Blend 


ENG  2088  AniVoBSOLETE  *ONS  CONSOLIDATION  TEST- TIME  CURVES  (TKANSLUCEN1 


20  25 


I  -35 


Type  of  %Mtwa  Renolded 


DU*  A  •  A  la. 


Overburden  Frevtun,  pe 


hvcouel.  Preaauxw,  pe 


*/•»  ** 


T/aq  n 


Before  Taat 


in. 

*t  1.0  la. 

9. 

min 

min 

>  20  2; 

i 

After  Taat 


Classification  Silty  Sand  (SM 


8 


Div.  No.  100050 


98X  maximum  density  at 


optimum  — 2X 


at  a  -  x  10”  ca/eec 


Project  SEVEN  OAKS  DAM 


Mill  Creek  Impervious  Borrow 


***•  Phase  IV-Proerara  2 


Dmli  No. 


7'-12'  Bata 


CONSOLIDATION  TEST  REPORT 


PLATE  121 .PHASE  IV 


T (Ml  IN  MINUTrS 


.0.1  0.2  OS  1  2  5  10  20  50  100  200  500  1000  2000 


IHHIIIIIIHIHHBaillilllllMBIIIIIIIfllllHHailllllllll 
■QIBBIIIIIHHMIlllllllllHBIIIIIilllllHIIIIIIIIIII 
HBBiiZSH'MHIIIIIIIIIIIBMIllllllllllMIIIIIIIIIII 
MiiimmsfiSiniiiiiiimaiiiiiiiiiimiiiiiiiiiii 


[ggiHim 


^^^HiiiiiiiiiiiwaiitHniiiiiHiiiiiiiiiii 
iifliiiiHSPaiiiiiiiiiiB»iiiiik;s.iS!«iaiiiiiiiii!i 


i*i 


Bluing 

naiiiiciS 
itaaiiiiiH 

iftBSMiiH 

miBK?sini 

naaniiS 
■Billing 
Billing 
Billing 
Billing 
iiiiini 
lining 
iiiiini 
Billing 
lining 
[Billing 
EbbiiiiiI 
[Billing 

[bIIIIIII 
Banina 
[BIIIIIII 

biiiiii) 
EbbiiiiiI 
EbbiiiiiI 

|BBIIHI| 

iiniiii 
muni 
mining 
laniiii 
|BBIIIII| 
Bfliiiiiil 
EbbiiiiiI 
EbbiiiiiI 

■fllllllH 


■BlflK!lllllfllBllllllllllliiiSBI^E!nill 
IHBBIIIIIIIiiaia»f«BIIIIIIIIIIBiBU;«S!l!ll!ll 
^BBIIIIIIIIIIIBiBSi^lllllllHBIIIIIIIIill 
KUSEiuSI^IIIIIIHBIIIIIlL^SHBIBBVSI^SIIII 
IHBBIIiS&ISi:^:!BB»BIBIIIIIIIIIiflfigS5ll!BI!U 
IHBBIIIIIIIIIIKtfSSK'JIRSIIIIHiBBIIIIIIIill 
IBIBIIIIIIIIIIIfllfllliii^;i!!IIHBin^:SIIII 
iJIV!!IIIIIIIIIIIHBIIIIIIiil!!!£4fi&!l!!!!!51l 
IfllBiLliSilllllllHfllllllllllllBIBillllllllll 
iMBBfeiois:>iaiBBiiiiiiiiiiHB£iiiiiar^i 
Bfl|flBlllllli2^nB^iS9SR9IIIIIII^BBB^lii^3llll 
■illlllllllllKBIIKIIi^HIIIIBIIIIIIIIIII 
■■IIIIIIIIIIBIBIfiu?lllllllliiBrcl!llllllll 
■lllllinillflmillli;HIIIHBIW5'aiSS! 
IBBIIIIIIIIIIBIBBIIIIIKHBIIBIBBIIIIIIIIII 
IBBIIIIIIIIIIBIBBIIIIIIIIIIk2)BBIIIIIIIIII 


IBIIIIIIIIIIIBBBIIIIIIIIIIII 


IBIIIIIIIIIIIMIIIIIIIIIIIMIIIS!9I!II 

IBBIIIIIIIIIIHBIIIIIIIIIIMBIIIIIIIill 

IBIIIIIIIIIIIHIIIIIIIIIIIBHMIIIIIIIII 

IBIIIIIIIIIIIHBIIIIIIIIIIIHBIIIIIIIIIII 

IfllllllllllllHIIIIIIIIIIIHIIIIIIIIIII 

IBIIIIIIIIIIIflBBBIIIIIIIIIIHBBIIIIIIIIII 

IfllllllllllllMIIIIIIIIIIHIIIIIIIIIII 

IBIIIIIIIIIIIMIIIIIIIIIIMIIIIIIIIII 


IBBIIIIIIIIIII 
IBIIIIIIIIIIII 
■PBIIIIIIIIIII 


iiiiiiimmiiiiiiiii 

miinifliBiiiiiiiiiii 

IIIIIIIIBIBBIIIIIIIIII 


IBIIIIIII 


01  0.2  0.5  1  2 


BIIIIIIIIIIIHIIIIIIIIIIIBMIlllltlllll 

fllllllllllllHIIIIIIIIIIIHIIIIIIIIIII 

BIIIIIIIIIIIBIBIIIIIIIIIIIMIIIIIIIIIII 

fllllllllllllMIIIIIIIIIIHBBIIIIIIIIIII 

BIIIIIIIIIIIHIIIIIIIIIIIHIHIIIIIIII 

fliiiiiiiiimBiiiiiiiiiiimiiiiiniii 
■BIIIIIIIIIIHBBIIIIIIIIIIBIBIIIIIIIIIII 
bbiihiihuBbbiiiiiihiiwbbihiiihii 
■IIIIIIIIIIIBIBIIIIIIIIIIIBBIIII|Bli 
■iiiiiiiiniflifliiiiiiiiiiiflifliiii^H 


5  10  20  50  100  200  500  1000  2000 

TIME  IN  MINUTES 


PHOJECT  SEVEN  OAKS  DAM  -  Div.  No.  100050 


Mill  Creek  Impervious  Borrow  (Program  2,  Phase  IV) 


2' 


Oct  1987 


ENG  /mav*sj  2088  AfuVoesoLCTt '°MSCOWSOtlOAT10WTEST— TIBBE  CURVES  (  J  RAN5LUCl.N  I 


PLATEl 


TIME  IN  MINUTES 
S  10  20 


50  100  200  500  1000  2000 


■Hiiiiim 
S9*BIIIIIII 


nai  iiHiiii  ■■iiiiiiiim 

■MBHaimiiiiiiiHiiiiiimiiHiiiiiiiiiii 


IHBIIIIIII 

IBIBiiiiiii 

IMBIIIIIII 

■■■1111111 

IBBBIIIIIII 

IMBBIIIIII 

IBBIIIIIII 

IE2HIIIIII 


IBIIIIIIliilfl 

■■■11111111111 


lllllllllll 

lllllllllll 


IBIIIIIIIIIII 

■■lllllllllll 


^■^■■■■■kiiiiiiiiib^bsiiiiiiiiii 
llllllimil«imiimt!!5IHIIIlllllll 


l■lllllllllll■■llllllllllll 


slllllllllll 


■■llllllllll■■■llllllllll■■■lll  I 
lll■llll■■llllllll  I  II  IIHIIII 

lllllll■■llllllll  ■  ii  min 
llllllll■■llllllll  hi  min 
■■■■■■■llllllllll■■■llllllllll■■■llllllllll 
l■■lllll■S■■lllllllllll■■lllllllllll■■■llllllllll 


■■■■Him 

■■■■mm 

■■■■mm 

■I5IHIIIIII 

■■■■mm 

■■■■mm 

■■■■•sun 

■■■■llli] 


i?3HIIIIIIIIHIIIIIIIIIIIHIIIIIIIIIII 

l■■^sl^?lmll■■lmlllllll■■■mlllllll 


iiiniifei' 


l■■mlllllll■■■llllllllll 


l■lmlllllll■■■mllmll■■■lllllllllll 

l■■mllmll■■fio>llllmll■■■mlllllll| 

l■■mllmll■■■mlic»:lll■^imlllllll 

l■lmllmll■■lmllmlil^a■Rmllmll 

l■lmlllllll■■■lllllmll■■£S!lllmll 


l■■mll■si■■lmlllllll■■■mlllllll■■■mllii;m 

l■■mll■■i■■lmlllllll■■llllllmll■■lllllllllll 

iHmuiiMiiuiiiiimiinimiiiiiiiHimiimiil 

l■■mll■■■■■■li><?lmll■■■lllllmll■■■mlllllll 

l■■mll■■■■■mllss9M■■■lllllmll■■■mlllllll 

l■■mll■■■■■mlllliiliSl«lmlllllll■■■mlllllll 

l■■mll■■■■■mlllllll■■slllllmll■■■mlllllll 


NOTE  NUMBERS  BESIDE  CURVES  . 
ARE  PRESSURES  IN  T/SO  FT 


0.1  0.2 


5  10  20 

TIME  IN  MINUTES 


50  100  200  500  1000  2000 


PROJECT  SEVEN  OAKS  DAM  -  Div.  No.  100050 


Mill  Creek  Impervious  Borrow  (Program  2,  Phase  IV) 


Blend  6A  7' -12'  Oct  1987 

SAMPLE  NO  "  EL  '  DATE  l,Ct  ' 


ENG  |F«a"M»3  2088  I"  eVo8SOle°te10NS  CONSOLIDATION  TEST-TIME  CURVES  (TRANSLUCENT 


DEFORMATION  IN  10  *  INCHES 


0.1  0.2  0.5  1  2 


TIME  IN  MINUTES 
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Mill  Creek  Impervious  Borrow  (Program  2,  Phase  IV) 
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PLATE  I2fc  PHASE 


SUPPLEMENTARY 


INFORMATION 


on  November  15,  1988,  tha  O.S.  Any  Corps  of  Engineers  released, 
for  agency  and  public  review,  the  Congressional ly  authorised  final 
General  Design  Memorandum  (GDM)  for  the  Santa  Ana  River  Mainstem 
Project,  including  the  Main  Report  and  Supplemental  Environmental 
Impact  Statement,  and  accompanying  volumes  and  technical  appendixes. 
The  Corps  mailed  copies  of  the  final  Phase  II  GDM  to  selected 
Federal,  State,  and  local  governmental  agencies;  elected  officials 
witnin  the  project  area;  flood  control  districts;  interest  groups; 
and  public  libraries.  Review  of  the  final  Phase  II  GDM  by  the 
agencies  and  the  public  generated  comments  which,  in  general,  focused 
on  the  following  concerns: 

\  (a)  Recreation  trails  along  the  Santa  Ana  River;  (b)  Aquatic 
habitat  at  Seven  Oaks  Dam;  (c)  Lower  Santa  Ana  River  sediment 
transport:  and  potential  beach  degradation;  (d)  Esthetics  and 
construction  phasing  for  the  Santiago  Creek  channel  improvements;  and 
(e)  Flood  threat  and  associated  impaets  to  the  Corona  Airport  within 
the  Prado  Dam.  Inclosure  1  presents  a  synopsis  of  the  U.S.  Army 
Corps  Engineers  response  to  these  concerns. 

Following  publication  of  the  final  Phase  II  GDM,  several 
inconsistences  were  noted  that  require  clarification  of  certain 
statements,  and  correction  of  typographical  errors.  The  errata 
sheets  (Inclosure  2)  provide  the  revisions  to  be  incorporated  in  the 
final  Phase  II  GDM. 


For  additional  information  you  may  direct  your  inquiries  to  the 
following: 

U.P,  Armv  Corps  of  Engineers 

P.0.  BOX  2711,  L.  A.,  CA  90053-2325 

Attn:  Mr.  Dionicio  Gonzales  \ 

Tel  No.  (213)  894-2713 


Ends 


/  Tadahiko  Ono 

/  Colonel,  Corps  of  Engineers 

r  District  Engineer 


U.S.  ARMY  CORPS  OF  ENGINEERS' 
RESPONSES  TO  AGENCY  AND  PUBLIC  REVIEW  COMMENTS 

ON 

DESIGN  MEMORANDUM  NO.  1 
PHASE  II  GENERAL  DESIGN  MEMORANDUM 
ON  THE  SANTA  ANA  RIVER  MAINSTEM,  INCLUDING 
SANTIAGO  CREEK 
DATED:  AUGUST  1988 


RECREATION  TRAILS  ALONG  THE  SANTA  ANA  RIVER 

ISSUE  -  The  Main  Report  and  Supplemental  Environmental  Impact 
Statement  indicated  that  the  equestrian  trails  in  several  locations 
along  the  Santa  Ana  River  would  be  a  continuous  paved  surface. 

Comment  was  made  that  this  would  constitute  an  unacceptable 
conversion  of  use  since  the  existing  trails  are  unpaved. 

RESPONSE  -  The  Corps  and  Orange  County ,  one  of  the  sponsors,  will  be 
developing  several  alternative  solutions  in  coordination  with  the 
National  Park  Service  to  resolve  this  issue.  One  solution  would  be 
to  locate  the  trail  along  the  toe  of  the  levee,  while  a  more 
promising  one  may  be  to  use  excess  spoil  material  to  widen  the  top  of 
the  levedNwithin  the  existing  rights-of-way.  We  anticipate that  this 
issue  can  be  successfully  resolved.  -  - ~~ 

AQUATIC  HABITAT  AT  SEVEN  OAKS  DAM 

ISSUE  -  Concern  was  for  the  need  for  additional  mitigation  measures 
to  compensate  for  impacts  on  aquatic  habitats  at  the  Seven  Oaks 
damsite. 

RESPONSE  -  The  recommended  mitigation  plan  to  compensate  for  impacts 
resulting  from  the  Seven  Oaks  Dam  portion  of  the  project  was 
evaluated,  and  project  related  impacts  and  achievable  mitigation 
goals  were  defined.  The  evaluation  indicated  that  the  mitigation 
plan  for  Seven  Oaks  Dam  will  meet  14.5%  of  the  mitigation  goal  for 
aquatic  habitat.  Following  coordination  with  the  various  resource 
agencies,  no  mitigation  options  were  found  which  would  achieve  100% 
mitigation  under  current  Corps  policy  on  mitigation.  The  Corps 
agrees  that  the  aquatic  habitat'  is  impacted  and  has  identified  the 
magnitude  of  the  impact  according  to  NEPA  requirements.  The  Corps 
has  considered  all  practicable  mitigation  options  in  fulfilling  its 
404(b)(1)  requirements.  The  project  has  been  determined  to  not  be 
contrary  to  the  public  interest  even  though  100%  mitigation  of 
impacts  is  not  achieved. 

LOWER  SANTA  ANA  RIVER  -  SEDIMENT  TRANSPORT  &  BEACH  DEGRADATION 

ISSUE  -  Concern  was  for  impacts  of  the  project  on  coastal  beaches  and 
that  the  project  does  not  assure  commitments  to  mitigate  for  these 
adverse  impacts. 


Inclosure  1 


RESPONSE  -  The  concern  was  based  on  the  statement  in  the  SEIS,  page 
V-57,  paragraph  5-192,  which  stated  that  there  would  be  a  reduction 
in  sediment  available  for  beach  replenishment  as  a  result  of'  the 
project.  Upon  close  scrutiny  of  the  aforementioned  paragraph  we  find 
that  the  statements  contained  therein  are  erroneous  and  was 
inadvertently  included  in  the  SEIS.  Volume  3,  Lower  Santa  Ana  River, 
presents  results  of  the  sediment  transport  analysis  which  indicates 
that  there  would  be  a  net  increase  of  11,000  cubic  yards  of  sediment 
per  year  available  for  beach  replenishment  with  the  project  in  place. 
Accordingly,  the  aforementioned  paragraph  in  the  SEIS  will  be  revised 
to  read  as  follows: 

"Under  existing  channel  conditions,  large  floods  will  breach 
levees  causing  flood  flows  and  sediment  to  exit  and  deposit  onto  the 
S^nta  Ana  River  Flood  Plain.  With  the  project  channel  improvements, 
l^rge  flood  flows  (up  to  190  year  frequency)  will  remain  in  the 
channel,  thus  causing  any  sediment  that  would  have  been  deposited  in 
the  floodplain  to  be  deposited  in  the  channel  itself  or  conveyed  to 
the  ocean.  With  the  Santa  Ana  River  project  in  place,  sand-sized 
sediment  yield  (average  annual  basis)  is  estimated  to  increase  by 
11,000  cubic  yards." 

\  The  Corps  has  held  several  meetings  with  staff  members  of  both 
the  California  Coastal  Commission  and  the  City  of  Newport  Beach  to 
resolveNthe  issue  of  placement  of  compatible  channel  material  on  the 
beach.  The  discussions  appear  to  be  headed  to  a  mutually  acceptable 
agreement . 4 

ESTHETICS  AND  CONSTRUCTION  PHASING  FOR  THE  SANTIAGO  CREEK  CHANNEL 

IMPROVEMENTS 

ISSUE  -  The  concern  was  raised  regarding  the  channel  design  and 
construction  phasing  of  Santiago  Creek,  and  the  associated  esthetics 
impacts  of  the  project. 

RESPONSE  -  The  design  displayed  in  the  report  for  the  stabilization 
of  Santiago  Creek  between  the  Santa  Ana  Freeway  and  the  Santa  Ana 
River  reflects  the  minimum  amount  of  construction  required  to 
reliably  and  economically  protect  the  streambed  and  banks  of  the 
creek  from  erosion.  This  design  was  developed  after  carefully 
consideration  of  the  desires  of  residents  glong  the  creek  as 
expressed  in  numerous  public  involvement  meetings,  and  as  the  result 
of  detailed  investigation  of  several  alternatives.  The  Corps  of 
Engineers  cannot  support  any  lesser  level  of  improvement  as  being 
sufficiently  reliable.  If  this  reach  of  channel  is  not  stabilized  to 
the  minimum  level  shown  in  the  report,  significant  erosion  of  the 
stream  banks  with  potentially  disastrous  damage  to  property 
immediately  adjacent  to  the  creek  on  both  sides  would  occur  during 
controlled  design  flood  releases  from  the  detention  basin.  If  the 
reach  of  the  Santiago  Creek  from  the  Santa  Ana  Freeway  to  the  Santa 
Ana  River  is  not  sufficiently  stabilized,  the  flood  control  project 
cannot  be  safely  operated  as  designed.  In  regards  to  the 
construction  phasing  for  Santiago  Creek  it  is  not  advisable  to 
construct  the  upstream  flood  control  improvement  prior  to  commencing 


\ 

any  construction  downs tream  of  the  frasvay  because  of  tha  need  to 
have  the  lower  channel  in  place  to  operate  the  detention  pits._ 

FLOOD  THREAT  TO  THE  CORONA  AIRPORT  WITHIN  PRADO  BASIN 

ISSUE  -  Concerns  were  raised  about  the  potential  flood  threat  at  the 
Corona  Airport  as  a  result  of  the  Corps  recommended  modifications  to 
Prado  Dam. 

RESPONSE  -  The  Corps  studies  indicate  that  the  recommended  Prado 
modifications  will  enable  us  to  make  larger  releases  from  Prado  Dam, 
thus  allowing  faster  drawdown  of  the  flood  control  pool. 

Consequently,  within  the  period  of  the  current  airport  ledaife,  the 
frequency  and  duration  of  flooding  at  the  airport  will  be  reduced 
with  the  recommended  modification  of  Prado  Dam.  Should  interests  at 
the  airport  feel  that  a  levep  is  imperative  to  protect  the  airport 
from  frequent  flooding  while  allowing  Impoundment  during  major  storm 
events,  they  would  need  to  identify  a  local  financial  sponsor  to  bear 
the  full  costs  for  the  levees  and  for  the  costs  for  mitigative 
measures  resulting  from  the  construction  of  the  levees.  These  costs 
are  entirely  non-Federal  expenses.  It  is  noted  that  the  Corona 
Airport\  is  located  on  lands  owned  by  the  Federal  Government  for  the 
purpose\of  flood  control  and  all  investments  in  this  location  were 
made  with^the  full  knowledge  of  the  flood  threat.  As  our  recommended 
modifications  will  not  result  in  more  frequent  or  longer  durations  of 
flooding,  the  Corps  did  not  include  flood  protection  features  at  this 
location. 


VOLUME  1 
SEVEN  OAKS  DAM 
ERRATA 


Page  XVIII  -  l  para.  18-02,  insert  "Regardless  of  who  performs  the 
work,  operations  and  maintenance  of  Seven  Oaks  Dam  is  the 
responsibility  of  the  local  sponsors"  to  the  end  of  the  paragraph. 


